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ABSTRACT 

T h i s  r e p o r t  c o n s i d e r s  t h e  Venus e n c o u n t e r s  a s s o c i a t e d  
w i t h  t h e  1 9 7 7  T r i p l e  P l a n e t  F lyby  and 1 9 7 8  Dual  P l a n e t  F lyby  
o p p o r t u n i t i e s .  A s p e c i f i c  p l a n e t a r y  r e c o n n a i s s a n c e  program i s  
d e s c r i b e d  and  a p r o b e  complement p l anned  to a c c o m p l i s h  t h e  
s c i e n t i f i c  and  e n g i n e e r i n g  o b j e c t i v e s  se t  f o r t h .  

S e v e r a l  o f  t h e  p r o b e s  a re  c o n s i d e r e d  i n  d e t a i l .  These  
a r e  p r i n c i p a l l y  l i m i t e d  t o  f l o a t e r  d e v i c e s  which ,  i n  many ways,  
t y p i f y  t h e  t y p e  o f  s y s t e m s  n e c e s s a r y  t o  accommodate t h e  e x t r a o r d i -  
n a r y  c o n s t r a i n t s  imposed b y  t h e  Venus ian  s u r f a c e  e n v i r o n m e n t .  

A r e s u l t  o f  t h i s  s t u d y  i s  a recommended p r o b e  complement 
w i t h  gross w e i g h t s  o f  27,000 l b s  and 17 ,000  l b s  f o r  t h e  1977 ( d u a l  
Venus p a s s a g e )  and  1978 e n c o u n t e r s  r e s p e c t i v e l y .  

T h i s  s t u d y  was compi led  p r i o r  to t h e  O c t o b e r ,  1967 
American M a r i n e r  f l y b y  and  R u s s i a n  l a n d e r  p r o b e  e n c o u n t e r s .  
Based on  t h e  l a t e s t  da t a  a v a i l a b l e  a t  p u b l i c a t i o n ,  t h e  c o n c e p t s  
p r e s e n t e d  h e r e i n  a re  c o n s i s t e n t  w i th  t h e  r e v i s e d  e n v i r o n m e n t a l  
m o d e l s ,  however ,  d u e  t o  t h e  reduced  u n c e r t a i n t i e s  t h e  c o n c l u s i o n s  
a r e  i n  some c a s e s  c o n s i d e r e d  c o n s e r v a t i v e .  
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P R E L I M I N A R Y  CONSIDERATIONS OF VENUS 

EXPLORATION V I A  MANNED FLYBY 

1 . 0  I N T R O D U C T I O N  

T h i s  r e p o r t  c o n s i d e r s  t h e  Venus e n c o u n t e r s  a s s o c i a t e d  
w i t h  t h e  1977 T r i p l e  P l a n e t  F lyby  and  1978 Dual  P l a n e t  F lyby  
o p p o r t u n i t i e s .  

The a p p r o a c h  t o  Venus i s  d i f f e r e n t  f rom t h e  a p p r o a c h  
t o  Mars. The o b j e c t i v e  f o r  Mars i s  t o  g a i n  a n  e x t e n s i v e  u n d e r -  
s t a n d i n g  o f  t h e  p l a n e t  and  t o  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  t o  
answer  t h e  p r i n c i p a l  q u e s t i o n ,  " shou ld  man l a n d  on Mars?" The 
V e n u s i a n  o b j e c t i v e  i s  l e s s  a m b i t i o u s  b e c a u s e  o f  o u r  p r e s e n t  
l a c k  o f  knowledge and t h e  d i f f i c u l t y  a n t i c i p a t e d  i n  g a i n i n g  
knowledge .  Thus ,  one  s e e k s  t o  b a s i c a l l y  c h a r a c t e r i z e  Venus 
and  g a i n  s u f f i c i e n t  da ta  t o  p r o v i d e  f o r  comprehens ive  e x p l o r a t i o n  
by more complex d e v i c e s .  

T h i s  r e p o r t  f i r s t  d e s c r i b e s  a s p e c i f i c  p l a n e t a r y  
r e c o n n a i s s a n c e  program.  
a n d  a p r o b e  complement i s  Dlanned t o  a c c o m p l i s h  t h e  s c i e n t i f i c  
and  e n g i n e e r i n g  o b j e c t i v e s  s e t  f o r t h .  The v a r i o u s  a s p e c t s  o f  
V e n u s i a n  a t m o s p h e r i c  e n t r y  and t h e  c o n s t r a i n t s  imposed on t i m e  
l i n e  s e q u e n c i n g  and  p r o b e  d e s i g n  a re  c o n s i d e r e d .  I n  a d d i t i o n ,  
t h e  communica t ions  problem,  as a l i m i t i n g  f a c t o r  f o r  s i t e  
s e l e c t i o n  i s  r e v i e w e d . *  

Here t h e  m i s s i o n  p h i l o s o p h y  i s  d e v e l o p e d ,  

The p r o b e s  a r e  p r i n c i p a l l y  l i m i t e d  t o  f l o a t e r  d e v i c e s  
wh ich ,  i n  many ways,  t y p i f y  t h e  t y p e  o f  s y s t e m s  n e c e s s a r y  to 
accommodate t h e  e x t r a o r d i n a r y  c o n s t r a i n t s  imposed by t h e  V e n u s i a n  
s u r f a c e  e n v i r o n m e n t . * *  The second p a r t  o f  t h i s  r e p o r t  c o v e r s  
t h e  c o n c e p t s  and  d e s i g n  approaches  u s e d  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  
o f  t h i s  c l a s s  o f  Venus ian  p r o b e .  

* 
T h i s  p a r t i c u l a r  e f fo r t ,  was suDpor t ed  by p r e l i m i n a r y  s t u d i e s  

c a r r i e d  o u t  by Messrs. C .  L .  G r e e r  and  J .  J .  Schoch .  S i n c e  t h e i r  
e f f o r t s  were e x t e n s i v e l y  u s e d  t h e y  a r e  r e f e r e n c e d  h e r e  (1 and 2 )  
r a t h e r  t h a n  r e p e t i t i v e l y  t h r o u g h  t h e  t e x t .  A l so  o f  g e n e r a l  
i n t e r e s t  i s  t h e  e n t r y  s t u d y  by D .  E .  C a s s i d y ,  R e f e r e n c e  3 .  

* *  
M r .  M .  L i w s h i t z  c o n t r i b u t e d  t h e  d i s c u s s i o n  o f  e x p e r i m e n t s  

and  i n s t r u m e n t s  f o r  t h e  Buoyant  Venus D e v i c e ,  a l o n g  l i f e  h i g h  
a l t i t u d e  f l o a t e r .  
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2 . 0  VENUS RECONNAISSANCE USING THE 1977 & 1978 FLYBY'S 

2 . 1  M i s s i o n  P r o f i l e  

The t h r e e  p a s s e s  o f  Venus, p r o v i d e d  by t h e  1 9 7 7  and 
1978 o p p o r t u n i t i e s ,  w i l l  y i e l d  q u i t e  s u b s t a n t i a l  c o v e r a g e  o f  
t h e  p l a n e t .  F i g u r e  1 shows t h e  r e l a t i v e  geometry  f o r  e a c h  

p o i n t i n g  o u t  t h e  o r i e n t a t i o n  o f  t h e  p l a n e t  w i t h  r e s p e c t  
f l y b y  t r a j e c t o r y  and  t h e  m a j o r  p o i n t s  and r e g i o n s  o f  
t, which a r e :  

p l a n e t  , 
to t h e  
i n t e r e s  

S u b - s o l a r  p o i n t  
A n t i - s o l a r  p o i n t  
N o r t h  p o l e  
S o u t h  p o l e  
Te rmina t  or 
E q u a t o r  
M i d - l i g h t  s i d e  

Mid-dark s i d e  
( t h e  l a s t  two r e f e r  t o  t h e  r e g i o n  a p p r o x i m a t e l y  h a l f  w a y  
be tween  t h e  t e r m i n a t o r  and t h e  s u b - s o l a r  and  a n t i - s o l a r  
p o i n t s ,  r e s p e c t i v e l y . )  

S p e c i f i c  s u r f a c e  p o i n t s  o f  i n t e r e s t  a r e  n o t  y e t  c l e a r l y  
i d e n t i f i a b l e .  However, r a d a r  s t u d i e s  have r e v e a l e d  s u r f a c e -  
f e a t u r e s  which  may e v e n t u a l l y  assume a more i m p o r t a n t  p o s i t i o n  
i n  m i s s i o n  p l a n n i n g . '  T h e r e f o r e ,  t h e  p o i n t s  o f  i n t e r e s t  are  
e s s e n t i a l l y  dominated  by t h e  r e l a t i o n  o f  Venus t o  t h e  s u n .  T h i s  
i s  q - u i t e  r e a s o n a b l e  i n  t h a t  t h e  small  i n c l i n a t i o n  o f  t h e  Venus ian  

( 1 2 3  e a r t h  d a y s  = 1 Venus d a y )  combine to i n d i c a t e  t h a t  t h e  
a tmosphe re  i s  dominated  by t h e  s u b - s o l a r - a n t i - s o l a r  a x i s .  y 8  A 
f u r t h e r  p o i n t  o f  i n t e r e s t .  i n  t h a t  t h e  p o l e s  a r e  n e v e r  i n c l i n e d  
by more t h a n  a f e w  d e g r e e s  to t h e  s u n ,  5 ' 6  and may b e  t h e  most  l i k e l y  
l o c a t i o n s  f o r  s u r f a c e  l i f e  forms.  On t h e  o t h e r  hand ,  a t e m p e r a t e  
r e g i o n  e x i s t s  a t  a l t i t u d e s  between 1 2 5 , 0 0 0  f e e t  and 2 1 5 , 0 0 0  f e e t ,  

which  may a l s o  s u p p o r t  l i f e .  

2 . 2  P robe  Comnlement 

e q u a t o r  to t h e  o r b i t  p l a n e  and  t h e  v e r y  s low r o t a t i o n  r a t e  5 Y 6  

9310 

S e v e r a l  c a t e g o r i e s  o f  p r o b e s  a r e  u t i l i z e d  f o r  t h e  v a r i o u s  
e n c o u n t e r s .  I n  l a t e r  d i s c u s s i o n  t h e  pe r fo rmance  and  d e s i g n  of  t h e  
f l o a t e r  c l a s s  p r o b e s  a re  a n a l y z e d  i n  c o n s i d e r a b l e  d e t a i l .  However, 
as  a n  i n t r o d u c t i o n ,  t h e  comple te  p r o b e  complement i s  b r i e f l y  
summarized:  

'Numbers r e f e r  t o  r e f e r e n c e  i n  B i b l i o s r a n h v .  
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a .  Drop Sonde/Atmospher ic  P robe  (DSAP) 

T h i s  p r o b e  i s  to o b t a i n  d e c e l e r a t i o n  da t a  a t  h i g h  s p e e d  
and  a c q u i r c  d i r e c t  a t m o s p h e r i c  d a t a  a t  low s p e e d .  The 
low b a l l i s t i c  p a r a m e t e r  ( i . e . ,  l e s s  t h a n  .3 s l u g / f t  ) and 
smal l  s i z e  w i l l  p e r m i t  r e a s o n a b l y  s t e e p  e n t r y .  L a r g e  
d i s p e r s i o n s  i n  t i m e  to d e s c e n t  t h r o u g h  a l t i t u d e s  e x i s t  
b e c a u s e  o f  t h e  p r e s e n t  u n c e r t a i n t y  i n  o u r  knowledge o f  
t h e  Venus ian  a tmosphe re .  C o n s e q u e n t l y ,  a h i g h  b a l l i s t i c  
p a r a m e t e r  ( h i g h  d e n s i t y )  d r o p  sonde  i s  a l s o  t o  b e  
employed f o r  low speed  measu remen t s .  F o l l o w i n g  t e r m i n a l  
c o n d i t i o n ,  t h e  sonde  w i l l  be  d r o p p e d  t h r o u g h  a Dor t  i n  
t h e  h e a t  s h i e l d  to make d i r e c t  a t m o s p h e r i c  measurements  
w i t h  t h e  i m p o r t a n t  a d v a n t a g e  o f  h a v i n g  a n  a b l a t i o n  f r e e  
" c l e a n "  s u r f a c e .  

2 

b .  O r b i t e r  

The o r b i t e r  i s  p r o p u l s i v e l y  b raked  i n t o  o r b i t  and p e r f o r m s  
l o n g  d u r a t i o n  R.F .  and s c i e n t i f i c  mapping s t u d i e s .  The 
o r b i t e r  i s  a l s o  employed as d a t a  l i n k  f o r  t r a c k i n g  and  
m o n i t o r i n g  f l o a t e r  p r o b e s .  

c .  M e t e o r o l o g i c a l  D e v i c e s  

S u c c e s s f u l  deployment  and o p e r a t i o n  o f  advanced  buoyan t  
p r o b e s  i s  t o  a g r e a t  e x t e n t  c o n t i n g e n t  upon h a v i n g  
a c c u r a t e  knowledge o f  b a s i c  e n v i r o n m e n t a l  phenomena 
which  i n c l u d e :  

a .  The Venus ian  a i r  stream c i r c u l a t i o n  p a t t e r n s ,  

b .  The s e v e r i t y  and e x t e n t  of  l a r g e  s c a l e  a t m o s p h e r i c  
t u r b u l e n c e .  

M e t e o r o l o g i c a l  p r o b e s  ( s i m i l a r  i n  c o n c e p t  to e a r t h  based  
c o n s t a n t  a l t i t u d e  m e t e o r o l o g i c a l  b a l l o o n s )  a r e  d e p l o y e d  
a t  v a r i e d  l o c a t i o n s  and a l t i t u d e s  on t h e  p l a n e t  t o  
s t u d y  t h e s e  phenomena. The m e t e o r o l o g i c a l  d e v i c e s  a re  
t r a c k e d  by a n  o r b i t e r  dep loyed  a t  an  i n c l i n a t i o n  and 
a l t i t u d e  to e n s u r e  r a d a r  c o v e r a g e  f o r  a minimum o f  
s e v e r a l  weeks.  
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d .  

e .  

P h o t o  - R.F. P r o b e s  

R .  F. P r o b e s  a r e  c o n c e p t u a l l y  s imi l a r  t o  t h e  l u n a r  
Ranger  v e h i c l e s ,  a l t h o u g h  a e r o d y n a m i c a l l y  d e c e l e r a t e d  
i n  a n  e n t r y  cone .  A low s e n s i t i v i t y  ae rodynamic  
c o n f i g u r a t l o n  and  a a t t i t u d e  s t a b i l i z a t i o n  s y s t e m  a r e  
u s e d  t o  min imize  image d i s t o r t i o n  d u r i n g  d e s c e n t .  
These p r o b e s  w i l l  be  c a p a b l e  o f  o p e r a t i o n s  below t h e  
opaque  Venus ian  c l o u d  l a y e r .  

Lande r  P r o b e s  

Lande r  P r o b e s  o b t a i n  DhotograDhic ,  s o i l  m e c h a n i c s  
and  s u r f a c e  w e a t h e r  d a t a .  Two c l a s s e s  o f  l a n d e r  p r o b e s  
are  c o n c e i v e d :  l a r g e  p r o b e s  c a p a b l e  o f  p h o t o  c o v e r a g e ,  
and  small p r o b e s .  The small p r o b e s  a r e  a s s o c i a t e d  
w i t h  e a r l y  m i s s i o n s  and x i 1 1  b e  c o x p a r a b l e  t o  a tmos-  
p h e r i c  p r o b e s  i n  s i z e  and t a r g e t i n g  c a p a b i l i t y .  The 
small  l a n d e r  w i l l  b e  e j e c t e d  from t h e  h e a t  s h i e l d  
s imi la r  t o  t h e  d r o p  sondes .  

f .  High A l t i t u d e  Buoyant Venus Device  (BVD) 

The p r i n c i p a l  p u r p o s e  of  a buoyant  Venus p r o b e  i s  
b i o l o g i c a l  e x p l o r a t i o n  i n  t h e  p l a n e t ' s  a t m o s p h e r e .  
Though t h e  presumed r i g o r o u s  c o n d i t i o n s  a t  t h e  Venus ian  
s u r f a c e  and  n e a r  i t  may p r e c l u d e  t h e  e x i s t e n c e  o f  l i f e  
t h e r e ,  t h e  a t m o s p h e r e  below t h e  c l o u d  c a n n o t  be r u l e d  
o u t  as a p o s s i b l e  abode  of  p r i m i t i v e  " a e r o s o l  l i f e .  '' 
The a d v a n t a g e  o f  t h e  BVD i n  t h e  s e a r c h  f o r  l i f e  l i e s  
i n  i t s  c o m p a r a t i v e l y  l a r g e  p a y l o a d  c a p a c i t y  and  i n  i t s  
e x p e c t e d  l o n g  l i f e t i m e  i n  env i ronmen t  n o t  n e c e s s a r i l y  
h o s t i l e  t o  p r i m i t i v e  l i f e .  The h i g h  a l t i t u d e  f l o a t e r  
o p e r a t e s  a t  a l t i t u d e s  w i t h i n  a presumed t e m p e r a t e  b e l t  
which  o f f e r s  t h e  g r e a t e s t  p r o b a b i l i t y  o f  f o s t e r i n g  l i f e  
as w e  know i t .  The BVD i s  m a i n t a i n e d  a l o f t  b y  a l a r g e  
b a l l o o n  w i t h  a n  i n f l a t o r  r e s u p p l y  s u f f i c i e n t  t o  e n s u r e  
a l i f e t i m e  o f  a t  l e a s t  one t o  s i x  mon ths .  

Near  S u r f a c e  F l o a t e r  

The Near S u r f a c e  F l o a t e r  (NSF) i s  d e s i g n e d  t o  o p e r a t e  
be tween  5 , 0 0 0  t o  10,000 f t .  above  t h e  V e n u s i a n  s u r f a c e  
and t o  d e s c e n d  t o  a l t i t u d e s  as low as s e v e r a l  hundred  
f e e t  if a t m o s p h e r i c  c o n d i t i o n s  p e r m i t .  The p u r p o s e  o f  
t h e  p r o b e  i s  t h e  e x p l o r a t i o n  o f  t h e  p l a n e t ' s  l o w e r  
a t m o s p h e r e  a n d ,  c o n d i t i o n s  p e r m i t t i n g ,  a e r i a l  s u r f a c e  
r e c o n n a i s s a n c e ,  a e r o s o l  and  s u r f a c e  sample  a c q u i s i t i o n ,  
and  s u b s e q u e n t  on-board a n a l y s i s .  C o n c e p t u a l l y ,  t h e  p r o b e  
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i s  a d e r i v a t i v e  o f  t h e  deep submergence s p h e r e s  u s e d  i n  
t h e  s c i e n t i f i c  e x p l o r a t i o n  o f  t h e  s e a s .  

3 . 0  1977 TRIPLE PLANET - FIRST VENUS FLYBY 

With t h e  b a s i c  m i s s i o n  concep t  i n  mind t h e  f i r s t  p a s s a g e  
o f  Venus i s  d e v o t e d  to c h a r a c t e r i z i n g  t h e  a t m o s p h e r e ,  and  b e g i n n i n g  
s u r f a c e  e x p l o r a t i o n .  The p robe  complement i s  p l a n n e d  as f o l l o w s :  

S i x  Drop Sondes /Atmospher ic  P r o b e s  (Total Wt. @ E n t r y ,  1 2 0 0  l b s )  

S u b - s o l a r  Region  ( A P ) *  low g/con?mon 
A n t i - s o l a r  Region  (AP) l o w  &common 
T e r m i n a t o r  @ E q u a t o r  ( A P )  s t e e p  e n t .  
M i d - l i g h t  S i d e  ( A P )  

Mid-dark S i d e  ( A P )  

F o u r  M e t e o r o l o g i c a l  B a l l o o n  .-  P r o b e s  ( T o t a l  W t .  @ E n t r y ,  8300 l b s )  

S u b - s o l a r  Region  ( A P )  

A n t i - s o l a r  Region  ( A P )  

a r b i t r a r y  ( 2 )  

Two Lander  P r o b e s  ( T o t a l  W t .  @ E n t r y ,  1 4 0 0  l b s )  

Idorth P o l e  P r o x i m i t y  ( A P )  

M i d - l i g h t  S i d e  ( D E )  

Two Photo-RF P r o b e s  ( T o t a l  Wt. @ E n t r y ,  1 4 0 0  l b s )  

S u b - s o l a r  Region  ( A P )  

M i d - l i g h t  S i d e  ( D E )  

% 
AP s i g n i f i e s  t h a t  t h e  probe  c o m p l e t e s  t h e  m i s s i o n  w h i l e  t h e  

s p a c e c r a f t  i s  a p p r o a c h i n g  p e r i a p s i s ,  and DE s i g n i f i e s  d e g a r t u r e  
f rom p e r i a p s i s .  
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9ne  O r b i t e r  ( T o t a l  - W t .  @ E n t r y ,  8 0 0 0  l b s )  

P l a c e d  i n t o  a low,  n e a r  n o l a r  
o r b i t  p a s s i n g  o v e r  sub- and  
a n t i - s o l a r  p o i n t s  a t  tirne o f  
i n s e r t i o n .  

- S p a c e c r a f t  On-Board I n s t r u m e n t s  

40" T e l e s c o p e  
Wide Anqle Camera 

N u l t  i - s p e c  t r a l  Pho tography  
S p e c t r o m e t e r  and Rad iomete r  
U .  V .  P o l a r i m e t e r  
T o p s i d e  Sounder  
Mass S p e c t r o m e t e r  
S i d e  Looking Mapping Radar 

The d r o p  sondes /aerodynamic  p robes  (DSAP) a r e  d e l i v e r e d  be tween 
t e n  and  s i x t e e n  h o u r s  p r i o r  to p e r i a p s i s .  Al though t h e  
communica t ion  r a n g e  i s  l a r g e  t h e  b i t  r a t e  i s  a u i t e  sma l l ,  t h u s  
t h e  power and  a n t e n n a  r e q u i r e m e n t s  a r e  e a s i l y  m e t .  Early d e l i v e r y  
o f  t h e s e  p r o b e s  e s s e n t i a l l y  f r e e s  t h e  crew t o  c o n c e n t r a t e  on  t h e  
more demanding o p e r a t i o n s  a s s o c i a t e d  w i t h  t h e  o t h e r  p r o b e s .  
F u r t h e r m o r e ,  t h e  DSAP p r o b e s  w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  
t h a t  may ease t h e  o p e r a t i o n s  o f  l a t e r  p r o b e s .  T h i s  a r i s e s  from 
t h e  dependence  o f  s i n k  t i m e  ( t i m e  t o  descend  to t h e  s u r f a c e  from 
e n t r y )  on t h e  s u r f a c e  d e n s i t y  and  l a p s e  r a t e .  For c u r r e n t  
a t m o s p h e r e  m o d e l s g  t h e  s i n k  t i m e s  r a n g e  from a p p r o x i m a t e l y  t e n  
m i n u t e s  t h r o u g h  s i x t y  m i n u t e s  f o r  t h e  h i g h  d e n s i t y  s o n d e s ,  ( t h u s ,  
a b o u t  s i x  h o u r s  f o r  s i x  p r o b e s ) .  The a c t u a l  t i m e s  w i l l  b e  u s e d  
to d e t e r m i n e  t h e  s i n k  t imes  f o r  t h e  l a n d e r s  and photo-RF p r o b e s .  

The m e t e o r o l o g i c a l  b a l l o o n  s y s t e m s  o p e r a t e  i n  c o n j u n c t i o n  
w i t h  t h e  o r b i t e r  a n d ,  t h u s ,  r e q u i r e  no communica t ions  l i n k  w i t h  
t h e  s p a c e c r a f t  a f t e r  e n t r y .  These d e v i c e s  w i l l  e n t e r  a f t e r  -10  
h o u r s  b u t  p r i o r  t o  a p p r o x i m a t e l y  -3 h o u r s ,  t h e r e b y  p r e v e n t i n g  
i n t e r f e r e n c e  w i t h  communicat ions t o  t h e  r e m a i n i n g  p r o b e s .  

The two small s u r v i v a b l e  t y p e  l a n d e r  p r o b e s  a r e  d e p l o y e d  
to l o c a t i o n s  t h a t  a r e  i n  f u l l  view of  t h e  s p a c e c r a f t .  The p r o b e s  
r e q u i r e  1 0  m i n u t e s  to 60  minu tes  s i n k  t ime  and t r a n s m i t  for one  
h o u r  a f t e r  i m p a c t .  The f i r s t  l a n d e r  e n t e r s  a t  - 3 . 0  h o u r s  and  
t h e  s e c o n d  a t  +1.5 h o u r s .  Thus,  r e g a r d l e s s  o f  t h e  a c t u a l  s i n k  
t i m e ,  t h e  f i r s t  l a n d e r  s equence  i s  f i n i s h e d  by -1 h o u r ,  and  d o e s  
n o t  commence a g a i n  u n t i l  +1.5 hours  w i t h o u t  any communica t ions  
o v e r l a p  b e i n g  r e q u i r e d .  
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At -1 hour  t h e  f i r s t  Photo-RF p r o b e  ( s u b - s o l a r  r e T i o n )  
w i l l  commence t r a n s m i s s i o n  which w i l l  l a s t  from 1 0  m i n u t e s  to 
6 0  m i n u t e s .  At +0.25 h o u r s  t h e  second p r o b e  ( m i d - l i z h t  s i d e )  
b e g i n s  t r a n s m i s s i o n .  It i s  n e c e s s a r y  t o  c o n f i n e  Photo-RF p r o b e  
o p e r a t i o n s  t o  a p p r o x i m a t e l y  t 1 hour o f  p e r i a p s i s  b e c a u s e  o f  
t h e  r e l a t i v e l y  h i g h  b i t  r a t e - a s s o c i a t e d  w i t h  t h e  p h o t o g r a p h i c  
m i s s i o n ,  % 1 0  b i t s  p e r  s econd .  T h i s  a l s o  r e s u l t s  i n  t h e  need 
f o r  a s t e e r a b l e  a n t e n n a  o n  t h e  p r o b e .  

6 

The o r b i t e r  w i l l  b e  preprogrammed f o r  i n s e r t i o n  a t  
a p p r o x i m a t e l y  p e r i a p s i s  t i m e ,  to minimize t h e  p r o p u l s i v e  p e n a l t y .  

The d r o p  sonde  p r o b e s  w i l l  o b t a i n  d e n s i t y ,  p r e s s u r e  
t e m p e r a t u r e ,  u p p e r  a tmosphe re  compos i t ion  and  l i m i t e d  wind 
p r o f i l e  d a t a .  S i n c e  t h e  lower  a tmosphere  i s  e x p e c t e d  t o  be  sym- 
m e t r i c  a b o u t  t h e  s o l a r  a x i s  ( w i t h  o n l y  m i l e  d e v i a t L o n s  i n t r o d u c e d  b y  
t h e  p o l e s  and r o t a t i o n )  t h i s  s e t  o f  t a r g e t  r e g i o n s  s h o u l d  r e v e a l  
t h e  b a s i c  p a t t e r n  o f  t h e  a tmosphe re .  The impact  da ta  from t h e  
s u r v i v a b l e  l a n d e r s  may a i d  i n  c h a r a c t e r i z i n g  t h e  s u r f a c e  a t  
p a r t i c u l a r  p o i n t s  when u s e d  i n  c o n j u n c t i o n  w i t h  t h e  o r b i t e r ,  
l a n d e r  and Photo-RF p r o b e  d a t a .  

However, t h e  d r o p  sonde  p r o b e s  c a n n o t  s i g n i f i c a n t l y  a i d  i n  
e s t a b l i s h i n g  t h e  dynamics  o f  c i r c u l a t i o n  p a t t e r n s  o f  t h e  a t m o s p h e r e .  
To a c c o m p l i s h  t h i s  t h e  m e t e o r o l o g i c a l  b a l l o o n  p r o b e s  a r e  employed to 
f l o a t  f rom t h r e e  to s i x  d i f f e r e n t  a l t i t u d e s  f o r  l o n g  p e r i o d s .  These 
s y s t e m s  a r e  d e p l o y e d  i n  t h e  o r b i t e r  p l a n e  a l o n g  t h e  g r e a t  c i r c l e  
be tween t h e  s u b - s o l a r  and  a n t i  s o l a r  p o i n t s .  T r a c k i n g ,  v i a  t h e  
o r b i t e r ,  o v e r  a p e r i o d  of  weeks i s  e x p e c t e d  t o  r e v e a l  t h e  l o n g  
term c i r c u l a t i o n  p a t t e r n s .  

The s u r v i v a b l e  l a n d e r  p robes  w i l l  p r o v i d e  s o i l  mechan ics  
and weather da t a  for a b o u t  one  hour  a t  two s u r f a c e  l o c a t i o n s .  
The n o r t h  p o l e  p r o x i m i t y  i s  r e a c h e d  v i a  a v e r y  s t e e ?  e n t r y  on 
t h i s  p a s s a g e  of  Venus.  The m i d - l i g h t  s i d e  r e g i o n  i s  s e l e c t e d  
f o r  t h e  s e c o n d  p r o b e  t o  measu re  t h e  u p p e r  bound of  s u r f a c e  
i l l u m i n a t i o n .  The i n f o r m a t i o n  f r o m  t h e s e  p r o b e s  w i l l  be u s e d  
t o  c a l i b r a t e  t h e  X-band mapping r a d a r  on t h e  o r b i t e r  and t h e  
S-band mapping radar  on t h e  s p a c e c r a f t ,  t o  a i d  i n  i n t e r p r e t i n g  t h e  
s i g n i f i c a n t  o f  v a r y i n g  s u r f a c e  d i e l e c t r i c  c o n s t a n t s .  

Photo-RF p r o b e s  p r o v i d e  a wide a n g l e  p i c t u r e  e v e r y  t e n  
s e c o n d s  d u r i n g  d e s c e n t ,  u n t i l  impac t .  The p r o b e  i s  s t a b i l i z e d  t o  
m a i n t a i n  t h e  o p t i c a l  a x i s  on t h e  g r a v i t y  a x i s  and t o  m a i n t a i n  
t h e  communica t ions  l i n k .  These p robes  w i l l  a l s o  o b t a i n  p r e s s u r e ,  
t e m p e r a t u r e ,  d e n s i t y ,  l i m i t e d  wind and impac t  d a t a .  The s u b - s o l a r  
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p o i n t  i s  s e l e c t e d  b e c a u s e  o f  t h e  r e l a t i v e l y  u n i q u e  c o n d i t i o n s  
e x p e c t e d ,  a l t h o u g h  t h e s e  may i n c l u d e  c o n s i d e r a b l e  c l o u d  c o v e r  
and  d u s t .  P r o b a b l y  t h e  l a n d e r  and Photo-RF p r o b e s  w i l l  b e  s e n t  
t o  e s s e n t i a l l y  t h e  same l o c a t i o n  on t h e  m i d - l i g h t  s i d e  r e g i o n  
t o  y i e l d  a m i c r o s c o p i c  view and  a c l o s e  s u r f a c e  v i ew o f  t h i s  
l o c a t i o n  ( t h e  d r o p  sonde  would be d e p l o y e d  t o  a n  e n t i r e l y  d i f f e r e n t  
m i d - l i g h t  s i d e  t a r g e \ ; ) .  L i g h t s  and  f l a r e s  w i l l  b e  u t i l i z e d  t o  
improve  l i g h t i n g  c o n d i t i o n s  below t h e  c l o u d s .  Aga in ,  t h e  Photo-RF 
p r o b e  da t a  w i l l  b e  u s e d  t o  p r o v i d e  c a l i b r a t i o n  i n f o r m a t i o n  f o r  t h e  
o r b i t e r  and  s p a c e c r a f t  mapping radars .  

The  o r b i t e r  w i l l  s c a n  t h e  e n t i r e  p l a n e t  i n  a b o u t  120 
d a y s  b e c a u s e  o f  t h e  n e a r  p o l a r  o r b i t .  The o r b i t e r  p r o v i d e s  
m u l t i - s p e c t r a l  s c a n n i n g ,  X-band s u r f a c e  mapping ,  m e t e o r o l o g i c a l  
b a l l o o n  t r a c k i n g  and  data  on t h e  g r a v i t a t i o n a l  shape  o f  t h e  
p l a n e t .  A low o r b i t  i s  s e l e c t e d  t o  improve  t h e  q u a l i t y  of  t h e  
s c a n n i n g  and  mapping data .  The f i r s t  s t a g e  o f  t h e  o r b i t e r  
i n s e r t i o n  p r o p u l s i o n  s y s t e m  w i l l  f a l l  i n t o  a n  e l l i p t i c  o r b i t  and  
i s ,  t h u s ,  u s e f u l  f o r  d e t e r m i n i n g  t h e  g r a v i t y  p e r t u r b a t i o n s .  

I n  summary, a t  t h e  c l o s e  o f  t h e  f i r s t  Venus e n c o u n t e r  
o f  t h e  1977 m i s s i o n ,  t h e  a tmosphe re  w i l l  be  q u i t e  w e l l  c h a r a c t e r -  
i z e d  w i t h  r egard  t o  a l t i t u d e  d i s t r i b u t i o n  o f  p r o p e r t i e s  and  
c i r c u l a t i o n  p a t t e r n s .  The s u r f a c e  w i l l  have  been  e n t i r e l y  mapped 
v i a  t h e  X-band o r b i t e r  radar  a t  l o w  r e s o l u t i o n ,  and  l i m i t e d  
r e g i o n s  w i l l  b e  mapped b y  t h e  s p a c e c r a f t  h i g h  r e s o l u t i o n  S-band 
radar .  The mapping da ta  w i l l  b e  i n t e r p r e t e d  v i a  t h e  l a n d e r  and 
Photo-RF p r o b e  d a t a .  D i r e c t  s u r f a c e  da ta  w i l l  b e  o b t a i n e d  f rom 
t h e  l a n d e r s  and  impac t  da ta  from t h e  d r o p  s o n d e s  and Photo-RF 
p r o b e s .  

The p r o b e  complement for t h e  second  e n c o u n t e r  i s  
s e l e c t e d  t o  t ake  a d v a n t a g e  o f  t h i s  s u b s t a n t i a l l y  improved  s t a t e  
o f  knowledge .  By Augus t ,  1 9 7 8 ,  1 4  months a f t e r  t h e  f i r s t  pass,  
numerous s u r f a c e  l o c a t i o n s  o f  i n t e r e s t  s h o u l d  b e  known from t h e  
mapping da t a .  F u r t h e r  u s e  o f  t h e  d r o p  s o n d e s  and m e t e o r o l o g i c a l  
b a l l o o n s  would b e  somewhat p o i n t l e s s  as  t h e  a t m o s p h e r e  s h o u l d  be  
s u f f i c i e n t l y  w e l l  c h a r a c t e r i z e d  t o  p e r m i t  t h e  g e n e r a t i o n  o f  
s p e c i f i c  q u e s t i o n s ,  which s h o u l d  be a t t a c k e d  w i t h  new p r o b e s  
d e s i g n e d  f o r  s u c h  p u r p o s e s .  

C o n s e q u e n t l y ,  t h e  emphas is  f o r  t h e  second  pass  p r o b e s  
i s  p l a c e d  on s u r f a c e  e x p l o r a t i o n .  U n f o r t u n a t e l y ,  one  c a n n o t  a t  
t h i s  t i m e ,  p r e d i c t  t h e  s p e c i f i c  s u r f a c e  l o c a t i o n s  o f  i n t e r e s t  
t h a t  w i l l  r e s u l t  from t h e  f i r s t  p a s s  da t a .  O b v i o u s l y ,  if s u c h  
were  p o s s i b l e  t h e  deployment  p o l i c y  would be  d i f f e r e n t .  F u t u r e  
i n v e s t i g a t i o n s  v i a  e a r t h  bound radar s c a n s  from A r e c i b o  and  
G o l d s t o n e  may w e l l  shed l i g h t  on t h e  m a j o r  s u r f a c e  f e a t u r e s ,  t h u s ,  
c h a n g i n g  t h e  p r o b e  p o l i c y  d i s c u s s e d  h e r e i n .  R e g a r d l e s s ,  i t  
r e m a i n s  p e r t i n e n t  t o  d i s c u s s  t h e  p o s s i b i l i t i e s  f o r  t h e  s e c o n d  
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p a s s a g e ,  s i n c e  i t  i s  s t i l l  q u i t e  l i k e l y  t h a t  t h e  emphas i s  w i l l  
r e m a i n  on s u r f a c e  f e a t u r e s .  

4 . 0  1977 TRIPLE PLANET - SECOND VENUS FLYBY 

F i v e  Lander  P r o b e s  ( T o t a l  W t .  @ E n t r y ,  3500  l b s )  

To b e  d e p l o y e d  on t h e  b a s i s  
of  t h e  knowledge g a i n e d  from 
t h e  f i r s t  p a s s a g e .  P o s s i b l y  most 
d e s i r a b l e  on l i g h t  s i d e  b e c a u s e  
o f  i n c r e a s e d  v i s i b i l i t y .  

F i v e  Photo-RF P r o b e s  ( T o t a l  W t .  @! E n t r y ,  3 4 0 0  l b s )  

To b e  d e p l o y e d  on t h e  b a s i s  o f  
t h e  knowledge g a i n e d  from t h e  

f i r s t  p a s s a g e .  Not r e s t r i c t e d  
t o  l i g h t  s i d e .  

S p a c e c r a f t  On-Board I n s t r u m e n t s  

40"  T e l e s c o p e  
Wide Angle Camera 
M u l t i - s p e c t r a l  Pho tography  
S p e c t r o m e t e r  and  Rad iomete r  
U . V .  P o l a r i m e t e r  
T o p s i d e  Sounder  
Mass S p e c t r o m e t e r  
S i d e  Looking Mapping Radar 

A s  i n  t h e  f i r s t  p a s s a g e  t h e  deployment  o f  t h e  l a n d e r  p r o b e s  i s  
s t a g g e r e d  so t h a t  t h e  l a n d e r s  a r r i v e  e i t h e r  b e f o r e  o r  a f t e r  
t h e  Photo-RF p r o b e s ,  t h u s ,  e n a b l i n g  t h e  communica t ion  r a n g e  for 
t h e  l a t t e r  t o  be  m i n i m i z e d .  On t h i s  p a s s a g e  t h e r e  w i l l  b e  no  
q u e s t i o n  o f  s i n k  t i m e  d i s p e r s i o n  s i n c e  d a t a  w i l l  b e  a v a i l a b l e  
f rom t h e  p r e v i o u s  e n c o u n t e r .  It i s  q u i t e  u n l i k e l y  t h a t  a l l  
p r o b e s  would b e  d e l i v e r e d  a t  p o i n t s  t o  which communica t ions  can  
b e  m a i n t a i n e d  d u r i n g  b o t h  Venus approach  and d e p a r t u r e .  T h e r e f o r e ,  
t h e  same communica t ions  r a n g e s  a r e  u s e d ;  i . e . ,  Q, 1 h o u r  f o r  t h e  
Photo-RF and Q, 3 . 5  h o u r s  f o r  t h e  l a n d e r .  
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A t  t h e  c o n c l u s i o n  o f  t h i s  p a s s a g e  s e v e n  l o c a t i o n s  on 
t h e  p l a n e t  w i l l  have  been  i n v e s t i g a t e d  f o r  s o i l  m e c h a n i c s ,  w e a t h e r  
and  p h o t o g r a p h e d .  E i g h t  l o c a t i o n s  w i l l  have  been  s u r v e y e d  v i a  
n e s t e d  pho tography  and impact  measurements .  And t h e  o r b i t e r s  
and  s p a c e c r a f t  r ada r  mapping w i l l  be  q u i t e  t h o r o u g h l y  c a l i b r a t e d  
f o r  i n t e r p r e t a t i o n .  The t o t a l  weight  o f  Venus p r o b e s  c a r r i e d  
on t h e  1 9 7 7  m i s s i o n  i s  27,200 l b s .  

With t h e  a tmosphe re  c h a r a c t e r i z e d  t h e  s u r f a c e  mapped 
and  t h e  envi ronment  measu red ,  i t  i s  a p p r o p r i a t e  to move o n t o  
t h e  s e a r c h  f o r  l i f e  and  ex tended  s u r f a c e  o p e r a t i o n s .  The 1978 
Dua l -P lane t  Venus p a y l o a d  i s  d i r e c t e d  a t  t h e s e  p rob lems  by u s e  
o f  t h e  h i g h  a l t i t u d e  and  low a l t i t u d e  l o n g  l i f e  f l o a t i n g  p r o b e s .  
The h i g h  a l t i t u d e  f l o a t e r  i s  d e s i g n e d  to o p e r a t e  i n  t h e  t e m p e r a t e  
r e g i o n s  (OOF to 100OF) where i t  i s  r e a s o n e d ,  e a r t h  l i k e  l i f e  forms 
h a v e  t h e  g r e a t e s t  l i k e l y h o o d  o f  e x i s t i n g .  The low a l t i t u d e  f l o a t e r  
c a n  b e  a d j u s t e d  t o  f l o a t  from t h e  s u r f a c e  up to 1 0 , 0 0 0  f t  to 
accommodate v a r i a t i o n s  i n  ground p l a n e  a l t i t u d e .  T h i s  a l s o  
p e r m i t s  u s e  o f  t h e  d e v i c e  even  i f  t h e  s u r f a c e  t u r b u l e n c e  e n v i r o n -  
ment i s  p r o h i b i t i v e .  

5 . 0  1978 DUAL PLANET - VENUS FLYBY 
Two High A l t i t u d e  F l o a t i n g  P r o b e s  ( T o t a l  W t .  @ E n t r y ,  6 2 0 0  l b s )  

To b e  d e p l o y e d  on bas i s  o f  
1977 m i s s i o n  d a t a .  

Two Low A l t i t u d e  F l o a t i n g  P robes  ( T o t a l  W t .  @ E n t r y ,  6800 l b s )  

To b e  d e p l o y e d  on b a s i s  o f  
1 9 7 7  m i s s i o n  da t a .  

One O r b i t e r  ( T o t a l  Wt. @ E n t r y ,  4 0 0 0  lbs) 

F u l f i l l s  t h e  communica t ions  
l i n k  be tween e a r t h  and  t h e  
f l o a t e r s .  

Both  p r o b e s  a r e  e q u i p p e d  f o r  h igh  da t a  r a t e  t r a n s m i s s i o n  to 
t h e  s p a c e c r a f t  f o r  a b o u t  s i x  hour s  r a n g e  from t h e  p l a n e t .  There-  
a f t e r ,  t h e  p r o b e s  w i l l  communicate to e a r t h  v i a  t h e  o r b i t e r .  
D u r i n g  t h e  f i r s t  s i x  h o u r s  t h e  h i g h  a l t i t u d e  d e v i c e  w i l l  sample 
( b y  f i l t r a t i o n )  v e r y  l a r g e  q u a n t i t i e s  o f  t h e  a tmosphe re  f o r  
l i f e  d e t e c t i o n .  The low a l t i t u d e  p r o b e  w i l l  be  t r a n s m i t t i n g  
p h o t o g r a p h i c  s c a n s  o f  t h e  area it i s  f l o a t i n g  o v e r .  Should  t h i s  
b e  c o n s i d e r e d  a d e s i r a b l e  l o c a t i o n  f o r  e x t e n d e d  e x p e r i m e n t a t i o n  
t h e  p r o b e  w i l l  b e  a n c h o r e d .  I f  n o t  c o n t r o l  w i l l  b e  p a s s e d  to e a r t h .  
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The e x t e n d e d  c a p a b i l i t y  o f  t h i s  p r o b e  i n c l u d e s  s u r f a c e  s a m p l i n g  
and  s u b s e q u e n t  c h e m i c a l  a n a l y s i s ,  emplac ing  a s e i s m o m e t e r ,  a 
w e a t h e r  s t a t i o n  and  m u l t i - s p e c t r a l  p h o t o g r a p h y .  The h i g h  a l t i t u d e  
f l o a t e r  e s s e n t i a l l y  c o n t i n u e s ,  a t  a r e d u c e d  communicat ion r a t e ,  
t h e  e x p e r i m e n t s  i n i t i a t e d  on deployment .  A s  men t ioned  t h e  
p a r t i c u l a r  s i t e s  to which t h e s e  p r o b e s  w i l l  b e  d e l i v e r e d  i s  n o t  
known a t  t h i s  t i m e .  However, one can  r e a s o n a b l y  s p e c u l a t e  on 
d e s i r a b l e  l o c a t i o n s .  The o r b i t e r  i s  a c o n s t r a i n i n g  f a c t o r  i n  
t h a t  i t  must b e  p l a c e d  i n t o  an  o r b i t  t h a t  w i l l  p e r m i t  n e a r  con- 
t i n u o u s  communica t ions  w i t h  t h e  f l o a t e r s .  T h i s  i n  t u r n  c o n s t r a i n s  
t h e  t a r g e t  p o i n t s  f o r  t h e  f l o a t e r s .  

The l o w  a l t i t u d e  d e v i c e  i s  c o n s t r a i n e d  to r e g i o n s  o f  
r e l a t i v e l y  low winds  and  smooth t e r r a i n  i f  i t  i s  to o p e r a t e  
v e r y  n e a r  t h e  s u r f a c e  ( %  1 0 0 ' s  of f e e t ) .  O t h e r w i s e ,  i t  must 
b e  u s e d  a t  q u i t e  h i g h  a l t i t u d e s  ( %  1,000's o f  f e e t )  to a v o i d  
t e r r a i n  or a v o i d  d e s t r u c t i o n  b y  t u r b u l e n c e .  E a r l i e r  t h e  p o l e s  
were men t ioned  as r e g i o n s  where t h e  p r o b a b i l i t y  o f  f i n d i n g  l i f e  
on Venus i s  h i g h e s t .  F o r t u n a t e l y ,  r e g i o n s  n e a r  t h e  s o u t h  p o l e  and 
t h e  n o r t h  p o l e  a re  w i t h i n  t h e  l o w  d e c e l e r a t i o n  e n t r y  r e g i o n s  f o r  t h e  
1 9 7 8  p a s s a g e .  C o n s e q u e n t l y ,  i t  i s  q u i t e  l i k e l y  t h a t  one o f  t h e  low 
a l t i t u d e  d e v i c e s  w i l l  b e  dep loyed  to one o f  t h e  p o l e s .  The second  
may go to t h e  o p p o s i t e  p o l e  or any o t h e r  l i k e l y  r e g i o n  w i t h i n  t h e  low 
e n t r y  zone .  The p a s s a g e  geometry o f  t h e  1978 m i s s i o n  y i e l d s  
good c o v e r a g e  o f  t h e  p l a r l e t  as  s e e n  from F i g u r e  IC.  Ano the r  
i n t e r e s t i n g  m i s s i o n  f o r  t h e  low a l t i t u d e  f l o a t e r  would b e  to 
a n c h o r  i t  a t  any a r b i t r a r y  l o c a t i o n  on t h e  e q u a t o r  and ,  g i v e n  
a l i f e t i m e  of some 250 d a y s ,  i t  w i l l  y i e l d  da t a  on a n  e q u a t o r i a l  
d i u r n a l  c y c l e .  

The h i g h  a l t i t u d e  f l o a t e r  w i l l  b e  c o m p l e t e l y  c o n t r o l l e d  
by t h e  c i r c u l a t i o n  p a t t e r n  ( F i g .  2 ) ,  which i s  b e l i e v e d  t o  b e  d i r e c t e d  
a l o n g  g r e a t  c i r c l e s  moving from t h e  s u b - s o l a r  p o i n t  t o  t h e  a n t i -  
s o l a r  p o i n t .  O f  c o u r s e ,  a c o u n t e r f l o w  o c c u r s  a t  l ower  a l t i t u d e s .  
Shou ld  t h i s  c o n c e p t  b e  conf i rmed ,  t h e n  b o t h  h i g h  a l t i t u d e  f l o a t e r s  
w i l l  e v e n t u a l l y  b e  t r a p p e d  a t  t h e  a n t i - s o l a r  p o i n t .  Ana lagous ly  
t h e  a n t i - s o l a r  p o i n t  may a l s o  be a s t a b l e  t r a p  f o r  any a i r b o r n e  
form o f  l i f e .  

Thus ,  one may o b t a i n  a h i g h  a l t i t u d e  s u r v e y  o f  Venus 
by p l a c i n g  t h e  h i g h  a l t i t u d e  f l o a t e r  n e a r  t h e  s u b - s o l a r  p o i n t  
and  p e r m i t t i n g  i t  t o  d r i f t  to t h e  a n t i - s o l a r  p o i n t .  

The t o t a l  e n t r y  weight  o f  Venus p r o b e s  c a r r i e d  on  t h e  
1 9 7 8  m i s s i o n  i s  19,000 l b .  

By t h e  c l o s e  o f  t h e  1978 m i s s i o n ,  Venus w i l l  have  been  
q u i t e  t h o r o u g h l y  e x p l o r e d  i n  t e rms  o f  p l a c i n g  u s  i n  a p o s i t i o n  of 
knowing t h e  b a s i c  p h y s i c a l  i n f o r m a t i o n  a b o u t  t h e  p l a n e t .  The atmos- 
p h e r e  w i l l  b e  e x t a b l i s h e d ,  though n o t  n e c e s s a r i l y  u n d e r s t o o d .  
Numerous p o i n t s  on t h e  s u r f a c e  w i l l  h ave  been  i n v e s t i g a t e d ,  two 
f o r  e x t e n s i v e  t i m e  p e r i o d s .  F i n a l l y ,  t h e  p o s s i b i l i t y  o f  l i f e  forms 
w i l l  have  been  i n v e s t i g a t e d  w i t h i n  t h e  s c o p e  o f  o u r  c u r r e n t  know1edP;e. 
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6 . 0  FLOATER PROBE CONCEPTS AND DESIGNS 

Based on p r e s e n t  knowledge o f  t h e  Venus ian  a t m o s p h e r e ,  
e x t e n s i v e  l o n g  r a n g e  e x p l o r a t i o n  can b e  most s u i t a b l y  pe r fo rmed  
by f l o a t e r s  o f  t h e  t y p e  c o n s i d e r e d  h e r e .  If manned e x p l o r a t i o n  
o f  Venus i s  e v e n t u a l l y  to b e  a t t e m p t e d  t h e  e x p l o r a t i o n  mode 
c o u l d  w e l l  employ a c l a s s  o f  p r o p e l l e r  d r i v e n  c r u i s i n g  v e h i c l e s .  
Such a v e h i c l e ,  employing n u c l e a r  power c o u l d  p r o v i d e  t h e  ex- 
t e n s i v e  m o b i l i t y  t h a t  a l a n d e r  cou ld  n o t ;  a l l  t h e  more i m p o r t a n t ,  
s i n c e  t h e  h o s t i l e  Venus ian  environment  w i l l  most p r o b a b l y  
n e c e s s i t a t e  man ' s  conf inemen t  to h i s  immediate s h e l t e r  a r ea  o r  
t h e  s h e l t e r  i t s e l f .  The n e a r  s u r f a c e  f l o a t e r  r e p r e s e n t s  a f i r s t  
s t e p  i n  a c h i e v i n g  t h i s  d e s i g n .  

The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  p r e c u r s o r y  f l o a t e r  
c l a s s  p r o b e s  d e s i g n e d  to e x p l o r e  and c h a r t  t h e  Venus ian  s u r f a c e  
and  a t m o s p h e r e .  

7 . 0  METEOROLOGICAL DEVICES 

7 . 1  P robe  R a t i o n a l  

The s p a t i a l  d i s t r i b u t i o n  and  t e m p o r a l  v a r i a t i o n  o f  
t h e  Venus ian  a tmosphe re  c i r c u l a t i o n  p a t t e r n s  a re  t h e m s e l v e s  o f  
f u n d a m e n t a l  s c i e n t i f i c  i f i t e r e s t .  Moreover ,  t h e  e x p l a n a t i o n  o f  
r e l a t e d  phenomena such  as t h e  h i g h  d a r k s i d e  t e m p e r a t u r e  [ v e r y  
l i k e l y  a r e s u l t  o f  c o n v e c t i v e  t r a n s f e r  f rom t h e  h i g h  e n e r g y  
( s u b - s o l a r )  r e g i o n s  to t h e  low energy  ( a n t i - s o l a r )  r e g i o n s l l l  i s  
i n t i m a t e l y  c o u p l e d  to u n d e r s t a n d i n g  b o t h  l o n g  term (mean)  and  
s h o r t  term ( c e l l u l a r )  a t m o s p h e r i c  movements. 

I n  a d d i t i o n ,  s u c c e s s f u l  deployment  and o p e r a t i o n  o f  
advanced  buoyant  p r o b e s ,  to b e  d e l i v e r e d  d u r i n g  t h e  second  
1977  a n d  1978 Venus e n c o u n t e r s ,  i s  t o  a g r e a t  e x t e n t  c o n t i n g e n t  
upon h a v i n g  a c c u r a t e  knowledge of b a s i c  e n v i r o n m e n t a l  phenomena 
which  i n c l u d e :  

1. The Venus ian  a i r  stream c i r c u l a t i o n  p a t t e r n s ,  

2 .  The  s e v e r i t y  and  e x t e n t  o f  l a r g e  s c a l e  a t m o s p h e r i c  
t u r b u l e n c e ,  

3 .  The n a t u r e  o f  l o c a l i z e d  s t o r m  e f f e c t s ,  and t h e  s e v e r i t y  
and  e x t e n t  o f  e l e c t r i c a l  d i s c h a r g e s .  

M e t e o r o l o g i c a l  p r o b e s  ( s i m i l a r  i n  concep t  to e a r t h  based  
c o n s t a n t  a l t i t u d e  m e t e o r o l o g i c a l  b a l l o o n s ) ,  a re  d e p l o y e d  2t. v a r i c ( :  
l o c a t i o n s  and  a l t i t u d e s  on t h e  p l a n e t  t o  a c c o m p l i s h  t h e  s c i e n t i f i c  
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and e n g i n e e r i n g  o b j e c t i v e s  r e q u i r e d  for u n d e r s t a n d i n g  these  
phenomena. These  d e v i c e s  a r e  t r a c k e d  by  an  unmanned o r b i t e r  
which  i s  d e p l o y e d  a t  an i n c l i n a t i o n  and a l t i t u d e  t o  e n s u r e  radar 
c o v e r a g e  for a minimum of  s e v e r a l  weeks.  Time s h a r i n g  w i t h  
o r b i t e r  e x p e r i m e n t s  w i l l  p r o b a b l y  l i m i t  t r a c k i n g  t ime t o  f o u r  
o r b i t s  a d a y .  (Mr. E .  J .  K l e i n  p r o v i d e d  t h e  p r e l i m i n a r y  d e s i g n s  
of t h e  communica t ion  and  t r a c k i n g  s y s t e m s  u s e d  f o r  t h e  v a r i o u s  
m e t e o r o l o g i c a l  d e v i c e s . )  

7 . 2  Mission P r o f i l e  

P robe  deployment  t o  a minimum o f  f o u r  l o c a t i o n s  i s  
r e q u i r e d  t o  a c h i e v e  a c c e p t a b l e  s p a t i a l  c o v e r a g e ;  however ,  s i x  
l o c a t i o n s  a re  s t r o n g l y  p r e f e r r e d .  The t a r g e t i n g  a r e a s  l i e  
a p p r o x i m a t e l y  i n  a p l a n e  w h i c h  i n c l u d e s  t h e  sun  l i n e  a x i s ,  and 
which  i s  c o m p a t i b l e  w i t h  t h e  o b s e r v a t i o n  c o n s t r a i n t s  o f  t h e  
o r b i t e r .  These  p r e f e r r e d  l o c a t i o n s  are  t h e  s u b - s o l a r  and  a n t i -  
s o l a r  " s i n g u l a r i t y "  p o i n t s ,  a po le  , and t y p i c a l  t e r m i n a t o r ,  
l i g h t s i d e ,  and d a r k s i d e  p o i n t s  a s  shown i n  F i g u r e  2 .  The 
p o i n t s  a r e  a l l  a c c e s s i b l e  b y  s h a l l o w  a n g l e  e n t r y  on t h e  f i r s t  
or s e c o n d  Venus e n c o u n t e r  1977 t r i p l e  p l a n e t  f l y b y ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  p o l e s  which l i e  beyone t h e  p l a n e t  h o r i z o n .  
(The  p o l e s  a r e ,  however ,  a c c e s s i b l e  d u r i n g  t h e  1978 d u a l  p l a n e t  
Venus e n c o u n t e r . )  

To a c h i e v e  a d e q u a t e  v e r t i c a l  c o v e r a g e ,  t h r e e  t o  s i x  
m e t e o r o l o g i c a l  d e v i c e s  d e s i g n e d  t o  f l o a t  a t  v a r i e d  a l t i t u d e s  
a r e  d e l i v e r e d  t o  e a c h  s e l e c t e d  s i t e  i n  a s i n g l e  e n t r y  s h e l l  and 
e j e c t e d  i n  a s o u n d i n g  s e q u e n c e  d u r i n g  d e s c e n t  t h r o u g h  t h e  t e r m i n a l  
v e l o c i t y  regime. 

Each f l o a t e r  p r o b e  i s  packaged  i n  a s e p a r a t e  c a n n i s t e r  
w i t h  i n d i v i d u a l  c h u t e ,  i n f l a t o r ,  and p r e s s u r i z a t i o n  s y s t e m s .  The 
f l o a t e r s  a r e  d e p l o y e d  i n d i v i d u a l l y  by  p a r a c h u t e  on command from 
a t i m e r .  Deployment t o  i n f l a t i o n  i s  a p p r o x i m a t e l y  75-90 s e c o n d s .  

Because  o f  t h e  h i g h  a t m o s p h e r i c  t e m p e r a t u r e s  and  l o n g  
t e r m  o p e r a t i o n a l  r e q u i r e m e n t s  , m e t e o r o l o g i c a l  d e v i c e s  f l o a t i n g  
i n  t h e  l o w e r  a t m o s p h e r e  a re  p a s s i v e ,  o r  a c t i v e l y  c o o l e d .  I n  t h e  
p a s s i v e  d e s i g n  c o n c e p t  t h e  p robe  s i z e  i s  gove rned  by  t h e  r e q u i r e -  
ment t o  o b t a i n  a s u f f i c i e n t  r a d a r  c r o s s  s e c t i o n  for t r a c k i n g  
w i t h i n  t h e  c o n s t r a i n t s  imposed by  o r b i t e r  power l i m i t a t i o n s .  The 
a l t i t u d e s  a t  which  t h e s e  d e v i c e s  a c t u a l l y  f l o a t  may be  d e t e r m i n e d  
i n  r e t r o s p e c t  f rom d e n s i t y  and a l t i t u d e  da t a  o b t a i n e d  f rom s e p a r a t e  
a e r o d y n a m i c  p r o b e s ,  a l s o  d e l i v e r e d  d u r i n g  f l y b y  e n c o u n t e r .  With 
t h i s  scheme,  a n  a c t i v e  on-board a l t i m e t e r  i s  n o t  e s s e n t i a l  t o  
t h e  s u c c e s s  o f  f l o a t e r  p r o b e  o p e r a t i o n ,  which g r e a t l y  s i m p l i f i e s  
p r o b e  d e s i g n .  Var i ed  radar c r o s s  s e c t i o n s  d i s t i n g u i s h  t h e  p o s s i v e  
a i r  streams a t  d i f f e r e n t  a l t i t u d e s .  
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A c t i v e  communica t ions  and e x p e r i m e n t s  a r e  i n c l u d e d  
on-board  t h e  h i g h  a l t i t u d e  f l o a t e r s  o p e r a t i n g  i n  t h e  t e m p e r a t e  
r e g i m e s ,  a l l o w i n g  l o c a l  t u r b u l e n c e  s p e c t r u m  measurements ,  e l e c -  
t r o s t a t i c  d i s c h a r g e  i n t e n s i t y  measurements ,  and l o c a l  s t a t e  con- 
d i t i o n s  to b e  o b t a i n e d .  

7 . 3  Probe  D e s c r i p t i o n  

A l l  o f  t h e  f l o a t e r s  a r e  hydrogen  i n f l a t e d  " s u p e r  p r e s s u r e "  
c l a s s  b a l l o o n s 1 2  o p e r a t i n g  w i t h  a s l i g h t  o v e r o r e s s u r e  o f  a b o u t  1 
to 1 0  m i l l i b a r s .  A s u p e r  p r e s s u r e  b a l l o o n  i s  s e a l e d  from t h e  
a t m o s p h e r e  and m a i n t a i n s  a c o n s t a n t  buoyancy r e g a r d l e s s  o f  t h e  
t h e r m a l  c y c l e  e x p e r i e n c e d  by t h e  b a l l o o n  d u r i n q  o p e r a t i o n .  T h i s  
t y p e  o f  s y s t e m  w i l l  t h e n  p e r m i t  l o n g  p e r i o d  o p e r a t i o n s .  Some 
small  b a l l o o n s  h a v e ,  i n  f a c t ,  been i n  o p e r a t i o n  ( f l o a t i n g )  f o r  
o v e r  s i x  months i n  t h e  e a r t h ' s  a tmosphe re .  

There a r e  t h r e e  c l a s s e s  o f  m e t e o r o l o g i c a l  f l o a t e r s  
c o n s i d e r e d  h e r e  which are  des igned  f o r  o p e r a t i o n  i n  e s s e n t i a l l y  
t h r e e  d i f f e r e n t  t h e r m a l  r e g i m e s .  Based on t h e  t e m p e r a t u r e  
d i s t r i b u t i o n  o f  t h e  "mean" model a t m o s p h e r e ,  f l o a t e r s  o p e r a t i n g  
be tween  t h e  s u r f a c e  and 6 5 , 0 0 0  f t  w i l l  be  s u b j e c t  to o p e r a t i n g  
t e m p e r a t u r e s  above  50O0F. R i g h t  a t  t h e  s u r f a c e ,  t e m p e r a t u r e s  
p r e s u m a b l y  as h i g h  as l,OOO°F may be  e x p e r i e n c e d .  I n  t h i s  
t e m p e r a t u r e  r a n g e ,  s t a t e - o f - t h e - a r t  po lymer  f i b e r s  a r e  i n a d e q u a t e .  
A m a t e r i a l  o f  s u p e r - a l l o y  s t e e l  f i b e r  weave ( i m p r e g n a t e d  w i t h  
s i l i c o n  polymer  f i l l e r )  h a s  been d e v e l o p e d  and  i s  o p e r a t i o n a l  
t' t e m p e r a t u r e s  be tween 1 , 0 0 0  - l,200°F.13'14 
i n  f a c t ,  o f t e n  been  s u c c e s s f u l l y  employed i n  t h e  f a b r i c a t i o n  o f  
h i g h  s p e e d  e n t r y  b a l l o o n s  and p a r a c h u t e s .  Below l,OOO°F t h e  
i m p r e g n a t e d  s t e e l  weave mater ia l  has a v e r y  low p e r m e a b i l i t y  to 
h y d r o g e n  s o  l o n g  l i f e  o p e r a t i o n  can  b e  a s s u r e d .  

T h i s  m a t e r i a l  h a s ,  

Between 6 5 , 0 0 0  ft. and 1 3 0 , 0 0 0  f t .  t e m p e r a t u r e s  range from 
2 0 0  to 500°F f o r  which  Kapton ( e s s e n t i a l l y  a Mylar  t y p e  
p o l y m i d e )  i s  a c c e p t a b l e .  For t h e  t e m p e r a t e  r e g i o n  above 130 ,000  
f t  s t a n d a r d  Myla r  po lymide  i s  used .  P e r m e a b i l i t y  o f  po lymer  f i l m  
l a m i n a t e s  to hydrogen  gas i s  t o l e r a b l y  low ( a n d  r e a s o n a b l y  p r e d i c t -  
a b l e )  a n d ,  h e n c e ,  s h o u l d  n o t  pose  a problem d u r i n g  t h e  f i r s t  
s e v e r a l  weeks o f  o p e r a t i o n .  

7 . 3 . 1  Low A l t i t u d e  M e t e o r o l o g i c a l  D e v i c e s  

T h r e e  p r o b e  c o n c e p t s  a r e  c a n d i d a t e  f o r  low a l t i t u d e  
s y s t e m s .  The re  a re :  

a .  P a s s i v e / R e f l e c t o r s ,  

b .  Ac t ive /High  t e m p e r a t u r e  s e n s o r s ,  and 

e .  A c t i v e / A c t i v e l y  coo led  s e n s o r s .  
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Each s y s t e m  r e s u l t s  i n  a m a r k e d l y  d i f f e r e n t  we igh t  a l l o c a t i o n  
and  h e n c e ,  i s  a n a l y z e d  sepa ra t e ly .  l 

a )  P a s s i v e / R e f  lection 

Employing 2 s t r i c t l j r  p a s ~ i ~ j e  s y s t e m ,  f l o a t . e r  s i y p  and 
c o n f i g u r a t i o n  are  d i c t a t e d  b y  o r b i t e r  t r a c k i n g  r e q u i r e m e n t s .  I n  
t h e  c u r r e n t  m i s s i o n  mode t h e  o r b i t e r  i s  t o  p e r f o r m  s c i e n t i f i c  
o b s e r v a t i o n s  and  mapping e x p e r i m e n t s  as wel l  as p r o b e  t r a c k i n g ,  
and t h u s ,  canno t  be  s o l e l y  devo ted  t o  t h e  s u p p o r t  o f  m e t e o r o l o g i c a l  
p r o b e  o p e r a t i o n s .  F u r t h e r m o r e ,  t h e  g rowth  f a c t o r  ( r a t i o  o f  g r o s s  
weight  t o  p a y l o a d )  f o r  o r b i t e r  i n j e c t i o n  i n t o  a d e s i r e d  400-500  km 
low c i r c u l a r  o r b i t  i s  a p p r o x i m a t e l y  1 0 ,  s o  t h a t  a n t e n n a  and power 
weight  for p r o b e  t r a c k i n g  a r e  q u i t e  l i m i t e d .  Keeping t h e s e  f a c t o r s  
i n  p e r s p e c t i v e ,  t h e  f o l l o w i n g  c o n s t r a i n t s  a r e  imposed on t h e  
o r b i t e r  t r a c k i n g  sys t em:  

1. Maximum a n t e n n a  diameter  i s  3 f t .  ( w e i g h t  d i c t a t e s  a 
p a r a b o l i c  r e f l e c t o r ) .  

2 .  P r i m e  power a v a i l a b l e  i s  250  wat t s  (as  compared t o  1 2 5  
w a t t s  f o r  e x p e r i m e n t s  and  communica t ions ) .  Assuming 
t h a t  r e c h a r g e a b l e  b a t t e r i e s  a re  employed,  t r a c k i n g  i s  
l i m i t e d  t o  e v e r y  t h i r d  or f o u r t h  o r b i t  t o  min imize  
i n c r e a s e d  s o l a r  c e l l  w e i g h t .  

3.  The t r a c k i n g  s y s t e m  we igh t  l i m i t  i s  65 pounds ,  n o t  
i n c l u d i n g  c o n v e r s i o n ,  a c q u i s i t i o n  sweep programming,  
and s w i t c h i n g  equipment .  R a w  da t a  i s  t o  b e  t r a n s m i t t e d  
t o  e a r t h  and  a p p r o p r i a t e l y  r e d u c e d  t o  improve t r a c k i n g  
pe r fo rmance  . 

4 .  X-band o p e r a t i o n  c o m p a t i b i l i t y  i s  r e q u i r e d .  

The b a s e l i n e  sys t em employs a r o t a t i n g  d i s h  c a p a b l e  o f  a 50" 
a n g u l a r  sweep o f f  t h e  o r b i t a l  p l a n e .  ( I n  l i e u  o f  a r o t a t i n g  
d i s h ,  a f i x e d  a n t e n n a  sys t em employing a s e c t o r  s c a n  i s  s u i t a b l e ,  
b u t  i s  n o t  c o n s i d e r e d  h e r e . )  From t h e  above ground r u l e s ,  t h e  
a p p r o x i m a t e  s y s t e m  pe r fo rmance  c o m p a t i b l e  w i t h  r e a s o n a b l e  p r o b e  
r e f l e c t o r  s i z e s  i s :  

1. Range r e s o l u t i o n  5 km 

2 .  Angular  a c c u r a c y  - + 0.75" 

3 .  Angula r  d i s c r i m i n a t i o n  3" 
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The p r o b e  r e f l e c t o r  shape  c o n s i d e r e d  i s  a 60" ( a p e x  
a n g l e )  t r i a n g u l a r  t r i h e d r a l  o f  a minimum 1 . 5  meter d i m e n s i o n .  
The g a i n  of  t h e  r e f l e c t o r  i s  a p p r o x i m a t e l y  50  d b  which i s  a d e q u a t e  
f o r  t r a c k i n g  p u r p o s e s .  To d i s t i n g u i s h  t h e  p r o b e s ,  t h e  s i z e  o f  
t h e  r e f l e c t o r s  a re  v a r i e d .  Doubling t h e  d i m e n s i o n  i n c r e a s e s  
t h e  g a i n  b y  1 2  d b ,  which s h o u l d  b e  q u i t e  a d e q u a t e  f o r  t h i s  p u r p o s e .  
The r e f l e c t o r  r e s p o n s e  g a i n  i s  f l a t  o v e r  + 45" s o  t h a t  r e d u c t i o n  
o f  g a i n  i s  n o t  e f f e c t e d  b y  t h e  look  angle-or  v e r t i c a l  m i s a l i g n m e n t  
d u e  t o  wind g u s t s ,  which c o u l d  o t h e r w i s e  make p r o b e  i d e n t i f i c a t i o n  
u n c e r t a i n .  R e f l e c t o r s  o f  t h i s  t y p e  can  be  d e p l o y e d  i n s i d e  RF 
t r a n s p a r e n t  b a l l o o n s ,  as i s  commonly done f o r  t r a c k i n g  m e t e o r o l o g i -  
c a l  f l o a t e r s .  The m e t a l l i c  weave r e q u i r e d  f o r  t h e  low a l t i t u d e  
f l o a t e r s  i s  opaque to RF a n d ,  t h e r e f o r e ,  t h e  r e f l e c t o r  i s  e x t e r -  
n a l l y  s u p p o r t e d  by a t o r o i d a l  b a l l o o n  as shown i n  F i g u r e  3 .  The 
r e q u i r e d  t o r o i d  c r o s s  s e c t i o n  d i a m e t e r  v a r i e s  f rom 1-3 f t .  f o r  
t h e  d i f f e r e n t  a l t i t u d e  d e n s i t i e s .  ( A  s t a n d a r d  5-8 m i l  m e t a l l i c  
f a b r i c  w i t h  0 . 5  m i l  weave weighs  a p p r o x i m a t e l y  . 2 1  l b / f t 2  and 
t h e  ma te r i a l  h a s  a s t r e n g t h  o f  2 0 0  l b s / f t . )  For p a c k a g i n g  r e a u i r e -  
m e n t s ,  t h e  s u p e r - a l l o y  weave i s  r e a d i l y  f o l d e d  and  h a s  t h e  
h a n d l i n g  q u a l i t i e s  o f  c l o t h  f a b r i c .  

The r e f l e c t o r  i s  f a b r i c a t e d  o f  b e r y l l i u m  mesh t o  
m i n i m i z e  w e i g h t  and d r a g .  B a l l a s t  i s  used  t o  s t a b i l i z e  t h e  p r o b e  
i n  w i n d s .  The s y s t e m  we igh t  o f  t h e  b a l l o o n  s y s t e m s  ( i n c l u d i n g  
t h e  r e f l e c t o r s )  i s  a p p r o x i m a t e l y  250 l b s .  

Each p r o b e  i s  packaged i n  a s e p a r a t e  c a n n i s t e r  and 
d e p l o y e d  f rom t h e  p a r e n t  e n t r y  module b y  p a r a c h u t e .  Each f l o a t e r  
r e q u i r e s  a s e p a r a t e  i n f l a t i o n  s y s t e m  f o r  which  a s u b s t a n t i a l  
p e n a l t y  i s  p a i d  i n  i n f l a t o r  s t o r a g e  w e i g h t .  (It r e q u i r e s  11 l b s .  
o f  b o t t l e  w e i g h t  t o  s t o r e  1 l b .  of  H2 i n f l a t o r . )  
t h e  s t o r a g e  b o t t l e s  are d i s c a r d e d  i m m e d i a t e l y  upon i n f l a t i o n .  
It may b e  n o t e d  t h a t  t h e  small  amounts o f  H 2  r e q u i r e d  f o r  t h e  
i n d i v i d u a l  p r o b e s  d o e s  n o t  make a common s t o r a g e  s y s t e m  e c o n o m i c a l .  

C o n s e q u e n t l y ,  

b )  Ac t ive /High  Tempera ture  S e n s o r s  

The l a r g e  s i z e  o f  t h e  p a s s i v e  low s u r f a c e  f l o a t e r  r e q u i r e d  
f o r  s k i n  t r a c k i n g  makes them e x t r e m e l y  heavy .  The s k i n ,  i n f l a t o r ,  
and c o n s e q u e n t l y ,  i n f l a t o r  s t o r a g e  w e i g h t ,  a r e  f a r  i n  e x c e s s  o f  what 
i s  r e q u i r e d  f o r  a n  a c t i v e  s y s t e m  c a p a b l e  o f  p e r f o r m i n g  a t  h i g h  
t e m p e r a t u r e s .  I n  f a c t ,  m e t e o r o l o g i c a l  p r o b e  w e i g h t  r e d u c t i o n s  
o f  o v e r  50% c o u l d  r e s u l t  i f  a n  a c t i v e  s y s t e m  w i t h o u t  a c t i v e  
c o o l i n g  were employed .  On t h e  o t h e r  hand ,  a c t i v e l y  c o o l e d  s y s t e m s ,  
as l a t e r  c o n s i d e r e d ,  are somewhat h e a v i e r  t h a n  t h e  p a s s i v e  p r o b e s  
( d i s c o u n t i n g  o r b i t e r  p e n a l t i e s ) .  
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R e l a t i v e l y  l i t t l e  work h a s  been  done i n  t h e  a rea  o f  
a c t i v e  h i g h  t e m p e r a t u r e  s y s t e m s  o f  t h e  t y p e  s u i t e d  f o r  o p e r a t i o n  
i n  t h e  Venus ian  a tmosphe re .  Q u i t e  s i m p l y ,  t h i s  i s  b e c a u s e  t h e  
l i m i t e d  need  f o r  s u c h  i n s t r u m e n t a t i o n  h a s  n o t  p r o v i d e d  s u f f i c i e n t  
i m p e t u s  f o r  i t s  deve lopmen t .  Some i n t r i g u i n g  c o n c e p t s  which a re  
c u r r e n t l y  i n  t h e  ear!.y r e s e a r c h  s t a g e s  show c o n s i d e r a b l e  p r o m i s e  

c i t e d  be low:  
f o r  h i g h  t e m p e r a t u r e  per formance .  S e v e r a l  o f  t h e s e  s y s t e m s  1 7 9 1 8  are 

1. 

2. 

3. 

4. 

RF Thermion ic  Conver t e r  -- It h a s  r e c e n t l y  
e s t a b l i s h e d  t h a t  s i g n i f i c a n t  amounts  o f  RF e n e r g y  
may b e  g e n e r a t e d  d i r e c t l y  f rom h e a t  i n  a t h e r m i o n i c  
d i o d e .  The appea rance  o f  RF o s c i l l a t i o n s  i n  t h e  f r e -  
quency  r a n g e  from 1 0 0  kc  - 2 me h a v e  been  o b s e r v e d ,  
which h a s  l e d  t o  t h e i r  p o s s i b l e  u s e  f o r  communicat ion 
p u r p o s e s .  The waveform o f  t h e  RF o s c i l l a t i o n  o f t e n  
d e p a r t s  f rom a s i n e  wave, and t h e  " f r e q u e n c y "  depends  
on l o a d i n g .  T h i s ,  however, s h o u l d  s t i l l  b e  a c c e p t a b l e  
f o r  a beacon or, p o s s i b l y ,  a low b i t  r a t e  communica tor .  

Dur ing  o p e r a t i o n s  t h e  C o n v e r t e r  c a t h o d  i s  i n t e r -  
n a l l y  h e a t e d  b y  r a d i o a c t i v e  decay  to a t e m p e r a t u r e  o f  
2 , 0 0 0 ° - 3 , 0 0 0 0 K  t o  e x c i t e  e l e c t r o n  e m i s s i o n s .  The 
e l e c t r o n  c u r r e n t  i s  c o l l e c t e d  by t h e  anode  which i s  a t  
500°-1,  O O O O K ,  c o i n c i d e n t l y  t h e  " r e s e r v o i r "  t e m p e r a t u r e  
o f  t h e  Venus ian  a tmosphere .  

E l e c t r o n i c  Tubes and C i r c u i t  Components a re  b e i n g  d e v e l o p e d ,  
which  p resumab ly  a r e  u s e f u l  a t  f r e q u e n c i e s  up to S-band 
and  t o  t e m p e r a t u r e s  of 90O0F. 

Devices  u s e f u l  i n  a m p l i f i e r s  and l o g i c  c i r c u i t s  have  
been  b u i l t  f rom f e r r o - e l e c t r i c  c e r a m i c s .  C u r r e n t  
maximum o p e r a t i n g  t e m p e r a t u r e  o f  % 500°F p r o b a b l y  
c o u l d  b e  r a i sed  t o  600°F w i t h  f u r t h e r  deve lopmen t .  

Q u a r t z  c r y s t a l s  f o r  f r equency  c o n t r o l  w i t h  a c c u r a c y  
from one p a r t  i n  l o 6  t o  1 0  
i f  a d e q u a t e  t e m p e r a t u r e  c o n t r o l  i s  p r o v i d e d .  

7 a r e  a v a i l a b l e  a t  85OoF 
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A c t i v e / A c t i v e l y  Cooled Systems 

An a c t i v e l y  c o o l e d  i n s t r u m e n t a t i o n  package  h a s  t h e  
c l e a r  a d v a n t a g e  o f :  1) p r o v i d i n g  a c o o p e r a t i v e  t a r g e t  f o r  t h e  
o r b i t e r  t r a c k e r  and ,  2 )  s u p p o r t i n g  a n  e x p e r i m e n t s  p a y l o a d .  These  
f a c t o r s  r e s u l t  i n  o r b i t e r  d e s i g n  s i m p l i c i t y ,  enhanced  t r a c k i n g  
( i . e . ,  r a n g i n g )  a c c u r a c y ,  ease of  p r o b e  d i s c e r n m e n t ,  and a t i m e  
h i s t o r y  o f  a t m o s p h e r i c  t u r b u l e n c e  and s t a t e  c o n d i t i o n s .  The d i s -  
a d v a n t a g e s  o f  t h e  a c t i v e l y  coo led  sys t em a r e  l i m i t e d  p r o b e  d u r a t i o n  
( f r o m  s e v e r a l  weeks t o  a m o n t h ) ,  i n c r e a s e d  p r o b e  c o m p l e x i t y  and 
w e i g h t ,  and a l t i t u d e  v a r i a t i o n  (due  t o  w e i g h t  changes  r e s u l t i n g  
from c o o l a n t  b o i l - o f f ) .  

E x p e r i m e n t s  (Low A l t i t u d e  D e v i c e s )  

E x p e r i m e n t s  f o r  t h e  m e t e o r o l o g i c a l  p r o b e s  a r e  for 
s i m i ? l f c i t y  l i m i t e d  t o  b a s i c  e n v i r o n m e n t a l  s e n s o r s .  The e x p e r i m e n t s  
complement i s  g i v e n  be low:  

Weight ( l b s )  Power (wat t  s ) 

P r e s s u r e  0 . 5  1 

Tempera tu re  S e n s o r s  0 . 5  . 2  

S p h e r i c s  D e t e c t o r  3 . 5  2 

A c c e 1 e r  ome t e r  s 
TOTAL 

1 

5.5 
- 1 

P r e s s u r e  and t e m p e r a t u r e s  s e n s o r s ,  b e s i d e s  p r o v i d i n g  
s t a t e  v a r i a b l e  measu remen t s ,  e n a b l e  t h e  f l o a t e r  a l t i t u d e  t o  be 
d e t e r m i n e d  b y  c o r r e l a t i o n  w i t h  a e r o d r a g  p r o b e  da ta .  

The s p h e r i c s  d e t e c t o r  s e n s e s  e l e c t r i c a l  s t o r m s ,  and t h e  
a c c e l e r o m e t e r s  measu re  wind g u s t  i n t e n s i t y  and p r o v i d e  data f o r  
d e t e r m i n i n g  t h e  a t m o s p h e r i c  t u r b u l e n c e  s p e c t r a .  ( T h e s e  e x p e r i m e n t s  
a r e  i m p o r t a n t  f o r  t h e  u s e  o f  advanced f l o a t e r  s y s t e m s . )  

Communicat ions and Power  (Low A l t i t u d e  D e v i c e s )  

The p r o b e  t r a n s m i t s  t h e  e n v e l o p e  o f  peak  s p h e r i c s  
and a c c e l e r o m e t e r  da ta  on command from t h e  o r b i t e r  d u r i n g  a 
p o r t i o n  of  e a c h  o r b i t a l  t r a c k i n g  p e r i o d ,  ( % . e . ,  e v e r y  f o u r t h  
or f i f t h  o r b i t ) .  A b i t  r a t e  of 100 bps  i s  a d e q u a t e  f o r  t r a c k i n g  
a n d  t e l e m e t r y  v i a  a n  o m n i - d i r e c t i o n a l  a n t e n n a .  T r a n s p o n d e r  and  
communica t ions  we igh t ,  c o m p a t i b l e  w i t h  t h e  o r b i t e r  s p e c i f i c a t i o n s  
c i t e d  p r e v i o u s l y ,  i s  a p p r o x i m a t e l y  15 l b s .  
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Approx ima te ly  2 0  w t o t a l  p r i m e  power ( f o r  communica t ions  
and  e x p e r i m e n t s )  i s  p r o v i d e d  b y  a t h e r m i o n i c  c o n v e r t e r .  The  
power s y s t e m  i s  mounted on t h e  e x t e r i o r  o f  t h e  s h e l l  t o  min imize  
i n t e r n a l  h e a t i n g .  The t h e r m i o n i c  c o n n e c t o r  i s  r e a d i l y  c a p a b l e  
o f  o p e r a t i n g  a t  a s i n k  t e m p e r a t u r e  w e l l  above  t h e  h i g h e s t  e n v i r o n -  
m e n t a l  t e m p e r a t u r e .  

C o o l a n t  Sys tem (Low A l t i t u d e  Devices) 

The p a y l o a d  i s  p r o t e c t e d  by a n  e v a c u a t e d  d o u b l e  wal led  
s h e l l  f a b r i c a t e d  o f  semi-monoquoque b e r y l l i u m  s k i n .  R e f l e c t i v e  
f o i l  i n s u l a t i o n  i s  a l s o  employed t o  min imize  r a d i a t i o n  l o s s e s .  
A water j a c k e t ,  i n t e r i o r  t o  t h e  s h e l l ,  s u r r o u n d s  t h e  p a y l o a d  
compartment  and  v e n t s  t o  t h e  a tmosphere a t  a s l i g h t  o v e r p r e s s u r e .  
Es t imat ing  a heat  i n p u t  o f  2 5  BTU/hr ( f rom b o t h  heat s h o r t s  and 
r a d i a t i o n  l o s s e s )  a p p r o x i m a t e l y  1 l b .  o f  water p e r  d a y  i s  r e q u i r e d  
A t  1 6 0  p s i a  (mean s u r f a c e  p r e s s u r e )  t h e  b o i l i n g  t e m p e r a t u r e  i s  
% 360'F which  i s ,  c o n s e q u e n t l y ,  t h e  env i ronmen t  e x p e r i e n c e d  b y  t h e  
i n t e r i o r  p a y l o a d  compartment .  ( A t  h i g h e r  a l t i t u d e s ,  t h e  b o i l i n g  
t e m p e r a t u r e  o f  c o u r s e ,  i s  somewhat r e d u c e d . )  The p a y l o a d  a rea  i s  
i n s u l a t e d  f rom t h e  water j a c k e t  by  a n  a d d i t i o n a l  e v a c u a t e d  l a y e r  
and  a d d i t i o n a l  r e f l e c t i v e  i n s u l a t i o n s .  Assuming 150'F as t h e  
maximum i n t e r n a l  o p e r a t i n g  p r e s s u r e  a n  es t imated  5 BTU/hr  heat 
i n p u t  r e s u l t s  f rom t h e  water j a c k e t  and  a n  a d d i t i o n a l  5 BTU/hr  
i s  g e n e r a t e d  i n t e r n a l l y  f rom probe  s u b s y s t e m s .  

A t o t a l  o f  1 0  BTU/hr  m u s t  b e  removed i n t e r n a l l y  which 
i s  a c h i e v e d  b y  a separa te  i c e / w a t e r  r e s e r v o i r  p r o v i d e d  f o r  t h i s  
p u r p o s e .  Approx ima te ly  1 l b .  o f  c o o l a n t  p e r  day i s  r e q u i r e d .  

D e s i g n i n g  f o r  one  month o p e r a t i o n ,  6 0  l b s .  ( o r  
a p p r o x i m a t e l y  1 f t . 3 )  o f  i c e / w a t e r  i s  i n c l u d e d  i n  t h e  p a y l o a d  
c o n t i n g e n c y .  D e p a r t u r e s  from t h e  es t imated h e a t i n g  r e s u l t s  
m e r e l y  i n  v a r i e d  o p e r a t i o n  l i f e t ime  s i n c e  t h e  c o o l i n g  s y s t e m  i s  
s t r i c t l y  p a s s i v e .  

A d d i t i o n a l  Sys tems (Low A l t i t u d e  D e v i c e s )  

To s u p p o r t  t h e  t o t a l  pay load ,  a 13  f t .  d iameter  
b a l l o o n  i s  r e q u i r e d .  The b a l l o o n  weighs  a p p r o x i m a t e l y  1 1 0  l b s .  
and  t h e  i n f l a t o r  2 0  l b s .  Allowing a n o t h e r  2 0  l b s .  f o r  t h e  
deployment  c o n t a i n e r  and 1 5  l b s .  f o r  a deployment  c h u t e ,  t h e  
t o t a l  f l o a t e r  s y s t e m  i s  2 7 5  l b s .  

S i n c e  a f a i r l y  s u b s t a n t i a l  q u a n t i t y  o f  i n f l a t o r  i s  
needed,  t h e  11/1 s t o r a g e  growth  f a c t o r  i s  p r o h i b i t i v e  and  t h e  
b a l l o o n  must  b e  i n f l a t e d  from a c e n t r a l  r e s e r v o i r  on t h e  e n t r y  
s h e l l .  A 4/1 s t o r a g e  g rowth  f a c t o r  i s  assumed which i n c l u d e s  
v a l v e s  and  f i t t i n g s  as w e l l  as  t h e  s t o r a g e  s y s t e m .  Thus,  an 
a d d i t i o n a l  8 0  l b s .  i s  cha rged  t o  t h e  f l o a t e r .  The d i s a d v a n t a g e s  
o f  t h i s  s y s t e m  i s  t h a t  i t  i n t r o d u c e s  c o n s i d e r a b l e  b a l l o o n  
deployment  and v a l v i n g  complexi ty  



BELLCOMM, INC.  - 20  - 

7 . 3 . 2  I n t e r m e d i a t e  F l o a t e r s  

( a )  P a s s i v e  

b a l l o o n  
c a v i t y .  
f o r  wea 

The p a s s i v e  " i n t e r m e d i a t e "  f l o a t e r s  a r e  Kapton 
s w i t h  60" c o r n e r  r e f l e c t o r s  d e p l o y e d  i n s i d e  t h e  b a l l o o n  

A s  s t a t ed  e a r l i e r ,  t h i s  c o n f i g u r a t i o n  i s  commonly u s e d  
t h e r  s t a t i o n s  and a s  b a l l i s t i c  mi s s i l e  decoys  ( t o  s i m u l a t e  

t h e  warhead radar c r o s s  s e c t i o n s ) .  To a c h i e v e  a d e q u a t e  g a i n  
d i f f e r e n t i a l  o v e r  t h e  low a l t i t u d e  f l o a t e r s ,  b a l l o o n  s i z e s  o f  
a p p r o x i m a t e l y  20 f t .  a re  r e q u i r e d .  

( b )  A c t i v e / A c t i v e l y  Cooled 

The a c t i v e l y  c o o l e d  s y s t e m s  are similar t o  t h e  low 
a l t i t u d e  f l o a t e r  w i t h  t h r e e  e x c e p t i o n s .  F i r s t ,  Kapton b a l l o o n  
mater ia l  i s  s u b s t i t u t e d  f o r  t h e  s t e e l  weave. Second,  i n f l a t o r  
weight  i s  r e d u c e d  s u f f i c i e n t l y  which a l l o w s  i n f l a t o r  b o t t l e  
s t o r a g e  ( a t  11/1 s t o r a g e  t o  i n f l a t o r  r a t i o ) ,  and t h i r d ,  t h e  c o o l a n t  
w e i g h t  i s  r e d u c e d  by a p p r o x i m a t e l y  h a l f .  

7 . 3 . 3  High A l t i t u d e s  F l o a t e r s  

t h e r e f o r e ,  o n l y  a n  a c t i v e  sys t em i s  c o n s i d e r e d .  I n  t h i s  c a s e ,  
a c o o l i n g  s y s t e m  i s  n o t  r e q u i r e d .  F u r t h e r m o r e ,  s t a n d a r d  M y l a r  
b a l l o o n  material  i s  u s e a b l e .  

These f l o a t e r s  o p e r a t e  i n  t h e  c o o l e r  r e g i o n s  a n d ,  

7 .4  P robe  Deployment 

Each f l o a t e r  i s  packaged i n  a separate  c a n n i s t e r  i n  a 
column s t a c k i n g  a r r a n g e m e n t ,  as shown i n  F i g u r e  4 .  
cone  i s  s e l e c t e d  f o r  c o m p a t i b i l i t y  w i t h  t h e  p a c k a g i n g  c o n f i g u r a t i o n .  
The c o n e  i s  a p p r o x i m a t e l y  11 f t .  i n  diameter and t h e  b a l l i s t i c  
p a r a m e t e r  M/CDA = 1 . 0 .  
b e t w e e n  1 . 5  < M < 2 . 0  when 3 g ' s  are  s e n s e d  on-board .  (The gee 
v e r s u s  Mach no. r e l a t i o n  depends on t h e  e n t r y  c o n d i t i o n ,  b u t  i s  
r e a s o n a b l y  i n s e n s i t i v e  t o  a t m o s p h e r i c  model  w i t h i n  t h i s  r a n g e . )  
The c h u t e  i s  m a i n t a i n e d  t h r o u g h  t h e  t r a n s o n i c  regime f o r  s tab i -  
l i z a t i o n .  The f i r s t  b a l l o o n  c a n n i s t e r  i s  re leased b y  t h e  c h u t e  
upon a 1 g s i g n a l ,  i . e . ,  a p p r o x i m a t e l y  t e r m i n a l  c o n d i t i o n s ,  and 
t h e  s e c o n d  c h u t e  i s  s u b s e q u e n t l y  d e p l o y e d .  T h i s  s e q u e n c e  i s  
repeated u n t i l  a l l  c a n n i s t e r s  a r e  j e t t i s o n e d  as shown i n  F i g u r e  5 .  

A 30" e n t r y  

A p i l o t  c h u t e  i s  d e p l o y e d  a t  Mach No. 
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NUMBERS 

2 

- 2 1  - 

COMPLEMENT I COMPLEMENT I1 
TYPE WEIGHT TYPE WEIGHT 

Passive 510 A c t i v e  710 

Deployment o f  i n f l a t i o n  i s  a p p r o x i m a t e l y  75-90 s e c o n d s .  
F o r  t h e  Kapton and  M y l a r  b a l l o o n s  a maximum dynamic p r e s s u r e  ( 9 )  
of  1 p s f  i s  a l l o w e d  f o r  deployment .  F o r  t h e  s t e e l  weave maximum 
dep loymen t  q ' s  are  i n c r e a s e d  t o  a p p r o x i m a t e l y  5-10 p s f .  

7 . 5  Weight Summary 

Pas s i v e  314 

A c t i v e  256 

I n d i v i d u a l  p r o b e  w e i g h t s  a re  l i s t e d  i n  T a b l e  I .  Based 
on a f l o a t e r  complement o f  2 l o w ,  2 i n t e r m e d i a t e  and  2 h i g h  
a l t i t u d e  f l o a t e r s ,  t o t a l  p a y l o a d  w e i g h t  i s  g i v e n  below for b o t h  
p a s s i v e  and a c t i v e  s y s t e m s .  

A c t i v e  330 

A c t i v e  2 5 6  

ALTITUDE 

Low 

I n t e r -  
m e d i a t e  

High 

TOTAL 

E n t r y  
Sys t ems  

E n t r y  
Weight 

6 Passive 1 , 0 8 0  
A c t i v e  I 

1 - 650 

Active 1 , 2 9 6  

- 784 

2 

2 

METEOROLOGICAL PROBE WEIGHT SUMMARY 
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8 . 0  H I G H  ALTITUDE BUOYANT VENUS DEVICE (BVD) 
I n t r o d u c t i o n  

The p r i n c i p a l  p u r p o s e  o f  a buoyan t  Venus p r o b e  i s  
b i o l o g i c a l  e x p l o r a t i o n  i n  t h e  p l a n e t ' s  a t m o s p h e r e .  Though t h e  
presumed r i g o r o u s  c o n d i t i o n s  a t  t h e  Venus ian  s u r f a c e  and n e a r  i t  
may p r e c l u d e  t h e  e x i s t e n c e  of l i f e  t h e r e ,  t h e  u p p e r  a t m o s p h e r e  
c a n n o t  be r u l e d  o u t  as a p o s s i b l e  abode  o f  p r i m i t i v e  " a e r o s o l  
l i f e . "  The a d v a n t a g e  o f  t h e  BVD i n  t h e  s e a r c h  f o r  l i f e  l i e s  
i n  i t s  c o m p a r a t i v e l y  l a r g e  pay load  c a p a c i t y  and i n  i t s  e x p e c t e d  
l o n g  l i f e t i m e  i n  an  env i ronmen t  n o t  n e c e s s a r i l y  h o s i t l e  t o  
p r i m i t i v e  l i f e .  The h i g h  a l t i t u d e . f l o a t e r  o p e r a t e s  a t  a l t i t u d e s  
w i t h i n  t h e  t e m p e r a t e  b e l t  ( F i g u r e  6 )  s i n c e  t h i s  r e g i o n  o f f e r s  t h e  
g r e a t e s t  p r o b a b i l i t y  o f  f o s t e r i n g  l i f e  as w e  know i t .  The BVD . 
i s  m a i n t a i n e d  a l o f t  b y  a 82 f t  b a l l o o n  w i t h  an  i n f l a t o r  re- 
s u p p l y  s u f f i c i e n t  t o  e n s u r e  a l i f e t i m e  o f  a t  l e a s t  one t o  six 
months .  

8 . 1  M i s s i o n  Mode 

A l t i t u d e  and  s i t e  s e l e c t i o n  f o r  deployment  o f  a h i g h  
a l t i t u d e  f l o a t e r  i s  p r e d i c a t e d  on t h e  e x t e n s i v e  a t m o s p h e r i c  data  
o b t a i n e d  f rom d r o p  sonde  and m e t e o r o l o g i c a l  p r o b e s  d u r i n g  t h e  
f i r s t  1 9 7 7  t r i p l e  p l a n e t  f l y b y  e n c o u n t e r .  A c c u r a t e  t e m p e r a t u r e  
p r e s s u r e  and d e n s i t y  p r o f i l e s  e n s u r e  t h a t  t h e  a l t i t u d e s  most  
l i k e l y  t o  s u p p o r t  b i o l o g i c a l  forms a re  e x p l o r e d .  F u r t h e r -  
more ,  knowledge o f  t h e  c i r c u l a t i o n  p a t t e r n s  e n s u r e s  maximum f l o a t e r  
d r i f t  r a n g e  c o v e r a g e  which  cou ld  s u b s t a n t i a l l y  i n c r e a s e  t h e  p rob-  
a b i l i t y  o f  d e t e c t i n g  l i f e  fo rms .  T u r b u l e n c e  data  o b t a i n e d  f rom 
f i r s t  e n c o u n t e r  p r o b e s  e n s u r e s  s e l e c t i o n  o f  t h e  safest  r e g i o n s  
f o r  deployment  and  i n i t i a l  o p e r a t i o n s .  

Dur ing  t h e  f i r s t  s e v e r a l  h o u r s  a f t e r  d e p l o y m e n t ,  t h e  
BVD communica tes  d i r e c t l y  t o  t h e  s p a c e c r a f t  t o  accommodate s e l e c t e d  
e x p e r i m e n t s  r e q u i r i n g  h i g h  b i t  r a t e s .  A minimum two h o u r  e a r l y  
a r r i v a l  t i m e  i s  r e q u i r e d  t o  a c c o m p l i s h  e n t r y ,  dep loymen t ,  and s y s t e m s  
c h e c k o u t ,  and  t o  e n s u r e  t h a t  a t  l e a s t  a n  h o u r  w i l l  be  a v a i l a b l e  
f o r  p e r f o r m a n c e  o f  e x p e r i m e n t s  and data  t r a n s m i t t a l  w i t h  t h e  f l y b y  
module i n  l i n e - o f - s i g h t .  T h i s  must b e  a c c o m p l i s h e d  e n t i r e l y  
d u r i n g  t h e  a p p r o a c h  p h a s e  s i n c e  t h e  s p a c e c r a f t  p e r m a n e n t l y  d i s -  
appears from view j u s t  p r i o r  t o  p e r i a p s i s .  

S u b s e q u e n t l y ,  f o r  l ong  term o p e r a t i o n s ,  t h e  p r o b e  
communica tes  t o  ea r th  v i a  a n  o r b i t e r  r e l a y  l i n k  a t  a s u b s t a n t i a l l y  
r e d u c e d  b i t  r a t e .  P r e c u r s o r  knowledge o f  t h e  a t m o s p h e r i c  
c i r c u l a t i o n  p a t t e r n s  e n a b l e s  s e l e c t i o n  o f  t h e  optimum o r b i t e r  
l o n g i t u d e  and  i n c l i n a t i o n  t o  m a i n t a i n  t h e  communica t ions  r e l a y  
f o r  t h e  l o n g e s t  p o s s i b l e  d u r a t i o n .  E x p e r i m e n t s  data i s  s t o r e d  
and t r a n s m i t t e d  on command from t h e  o r b i t e r  as t h e  o r b i t e r  passes 
o v e r h e a d .  

I 
I 
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8.2 Pay load  Subsys tems 
8.2.1 Exper imen t s  ( b y  M. L i w s h i t z )  

a l o n g  two main a v e n u e s .  
The e x p l o r a t i o n  o f  l i f e  on-board  t h e  RVD p r o c e e d s  

1. I n  t h e  m o r p h o l o g i c a l  approach  t h e  ambient  a tmosphe re  o r  
a e r o s o l s  samples from it are p robed  f o r  t h e  p r e s e n c e  o f  
mic ro -o rgan i sms  b y  means o f  t h e  e l e c t r o n  m i c r o s c o p e  and  
phase c o n t r a s t  microscope  e n v i s i o n e d  f o r  t h e  BVD. A 
small e l e c t r o n  mic roscope ,  w i t h  a r e s o l u t i o n  o f  % 1 0 0  A ,  
and w e i g h i n g  % 50 l b s , *  w i l l  t ake  a b o u t  1 0 0  p i c t u r e s  
j u s t  p r i o r  t o  t h e  f l y b y  v e h i c l e ' s  p a s s a g e .  These w i l l  
b e  v iewed b y  v i d i c o n ,  d i g i t a l i z e d  and s t o r e d  on t a p e .  

The t o t a l  data c o n t e n t  i s  a b o u t  lo8 b i t s .  
f l y b y  v e h i c l e ' s  approach  t o  t h e  p l a n e t  pe rmi t s  a h i g h  
communica t ion  r a n g e ,  a r e d u c e d  sample o f  t h e  s t o r e d  data ,  
c o r r e s p o n d i n g  t o  a r e s o l u t i o n  o f  % 500 A i s  t r a n s m i t t e d  
t o  t h e  s p a c e c r a f t .  A s  soon  as i n t e r e s t i n g  da ta  are 
e n c o u n t e r e d ,  t h e  t r a n s m i t t e r  a b o a r d  t h e  BVD p l a y s  back  
on command t h e  i n t e r e s t i n g  p o r t i o n  o f  t h e  t a p e ,  
c o r r e s p o n d i n g  t o  t h e  h i g h e r  l e v e l  o f  r e s o l u t i o n .  I n  
t h i s  way t h e  t o t a l  number o f  b i t s  t r a n s m i t t e d  c a n  be 

c o n t r a s t  mic roscope  o p e r a t e s  i n  a s imilar  f a s h i o n ,  b u t  
w i t h  a maximum r e s o l u t i o n  o f  % 0 . 2 5  p ,  and  a l s o  u t i l i z e s  
t h e  above r e c o r d i n g  sys t em.  The weight o f  t h e  phase 
c o n t r a s t  m i c r o s c o p e  i s  e s t i m a t e d  a t  % 1 0  l b s .  The weight  

of  t h e  r e c o r d i n g  s y s t e m  w i t h  % lo8 b i t  c a p a c i t y  i s  
estimated a t  % 40 l b s .  The combined peak  power r e q u i r e -  
ment of t h e  e n t i r e  sys tem i s  estimated a t  % 0 . 5  kw, 
of  which % 4/5 are  used  o n l y  d u r i n g  t h e  f e w  m i n u t e s  of 
e l e c t r o n  mic roscope  o p e r a t i o n  o r  a d j u s t m e n t .  

A s  t h e  

0 

e x p e c t e d  t o  b e  on t h e  o r d e r  o f  % 2 x 10 7 . The phase 

2 .  The o t h e r  t y p e  of  b i o l o g i c a l  expe r imen t  i n c l u d e d  i n  
t h e  BVD p a y l o a d  i s  best c h a r a c t e r i z e d  as a growth  and 
m e t a b o l i s m  expe r imen t  which combines f e a t u r e s  o f  
s e v e r a l  l i f e  d e t e c t i o n  e x p e r i m e n t s  p r o p o s e d  f o r  advanced  
p l a n e t a r y  m i s s i o n s .  Aeroso l  o r  d u s t  p a r t i c l e s ,  c o l l e c t e d  
b y  a p p r o p r i a t e  c o l l e c t i o n  d e v i c e s  are i n t r o d u c e d  i n t o  
small chambers ,  c o n t a i n i n g  d i f f e r e n t  o r g a n i c  n u t r i e n t s .  
A s  these  compounds are  m e t a b o l i z e d  by m i c r o - o r g a n i s m s  
t h e  gases released i n  t h e  p r o c e s s  undergo  a n a l y s i s  b y  
a v a r i e t y  of i n s t r u m e n t s  s u c h  as I R ,  UV and  v i s i b l e  

* A t  p r e s e n t  low we igh t  f i x e d  f o c u s  models  are  a v a i l a b l e  
c o m m e r c i a l l y ,  and  a r e d u c t i o n  i n  we igh t  by a f a c t o r  2 - 4 
by t h e  m i d  7 0 ' s  a p p e a r  e n t i r e l y  feasible .  
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s p e c t r o p h o t o m e t e r s ,  a g a s  ch romatograph  and mass 
s p e c t r o m e t e r  o p e r a t e d  i n  tandem,  e t c .  An e x D o n e n t i a 1  
r a t e  o f  g rowth  i s  c o n s i d e r e d  t y p i c a l  o f  b i o l o g i c a l  
a c t i v i t y  o f  growing  c u l t u r e s  a n d ,  t h u s ,  s e r v e s  as a 
d i s t i n c t i v e  i n d i c a t o r  of  l i f e .  M o n i t o r i n g  o f  p r o c e s s  
r a t e s  a p p l i e s  also t o  t h e  o b s e r v a t i o n  o f  p h y s i c a l  
c h a n g e s ,  i n  t h e  l i a u i d  p h a s e  o f  t h e  n u t r i e n t s .  T h i s  
i s  a c c o m p l i s h e d  by means o f  a s p e c t r o p h o t o m e t e r  i n  t h e  
v i s i b l e  p o r t i o n  o f  t h e  s p e c t r u m ,  l o o k i n g  for c h a n g e s  i n  
t u r b i d i t y ,  and PH m e t e r .  

S i n c e  g rowth  i s  a r e l a t i v e l y  s low p r o c e s s ,  on a t i m e  
s c a l e  o f  ?, 1 h o u r  o r  s o ,  t h i s  expe r imen t  r e a u i r e s  emplacement  
on a l o n g  l i v e d  p r o b e  s u c h  a s  t h e  BVD; and  c o n t i n u e s  l o n e  a f t e r  
d e p a r t u r e  of t h e  f l y b y  v e h i c l e ,  s u c h  t h a t  da t a  w i l l  b e  t r a n s m i t t e d  
to t h e  o r b i t e r ,  s e r v i n g  as a r e l a y  s t a t i o n  to e a r t h .  The in fo rma-  
t i o n  r a t e  o f  t h i s  e x p e r i m e n t  i s  r e l a t i v e l y  h i g h .  The I R  s p e c t r o -  
Dho tomete r  s c a n s  t h e  spec t rum between 3 x lo3 and 1 0  

a r e s o l u t i o n  o f  ?, 1 0  cm ; t h e  gas chromatograDh mass s p e c t r o m e t e r  
s c a n s  t h e  p a r t i c l e  s p e c t r u m  from 1 - 2 5 0  AVU. Combined w i t h  
o t h e r  a p p a r a t u s  i n  t h e  b i o l o g i c a l  e x p e r i m e n t  t h e  t o t a l  da ta  out- 
p u t  p e r  s c a n  i s  es t imated a t  ?, 1 . 5  x lo5 b i t s / s c a n  a re  o b t a i n e d .  
I n c l u s i o n  o f  a m o d e r a t e l y  s i z e d  l o g i c  s y s t e m  i n  t h e  exDerirnent 
w i l l ,  however ,  r e s u l t  i n  s i g n i f i c a n t  d a t a  c o m p r e s s i o n .  The d a t a  
w i l l  b e  t r a n s m i t t e d  to t h e  o r b i t e r  a t  a r a t e  o f  4 x lo2 b p s  i r , t e r -  

l a c e d  w i t h  ?, 5 x lo3 b p s  from t a p e  s t o r a g e  a c q u i r e d  d u r i n g  t h e  
p e r i o d  of  t h e  o r b i t e r ' s  t r a j e c t o r y ,  when i t  i s  o u t  o f  communica t ion  
r a n g e  w i t h  t h e  BVD. The t o t a l  we igh t  o f  t h e  g rowth  e x p e r i m e n t  
and  a c c e s s o r i e s  i s  e s t i m a t e d  a t  % 8 0  l b s ;  t h e  power r e a u i r e m e n t s  
a t  l e s s  t h a n  0 . 5  kw. 

4 -1 crn w i t h  
-1 

I n  a d d i t i o n  to t h e  b i o l o g i c a l  e x p e r i m e n t  p a y l o a d  t h e  . 

BVD w i l l  c a r r y  50 l b s .  o f  e x p e r i m e n t s  f o r  o b s e r v a t i o n  o f  t h e  
a t m o s p h e r i c  e n v i r o n m e n t .  These  a r e  o f  r a t h e r  c o n v e n t i o n a l  t y p e s  
a n d  w i l l  n o t  b e  d e s c r i b e d  i n  d e t a i l .  Some components  of  t h e  
b i o - e x p e r i m e n t ,  s u c h  as  t h e  g a s  ch romatograph  mass s p e c t r o m e t e r  
w i l l  a l s o  b e  u t i l i z e d  f o r  a t m o s p h e r i c  s t u d y .  

The w e i g h t s  summary of t h e  e x p e r i m e n t s  complement 
i s  g i v e n  i n  t h e  t a b l e  be low:  
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BIOLOGY EXPERIMENTS ON BVD 

Electron Microscope 

Recorder 

Mass Spec - Gas Chr. 
Culture Growth Experiment w/ Spectrophometer 

NON-BIOLOGY EXPERIMENTS 

Pressure Sensors 

Temperature Sensors 

Densitometer 

Speed of Sound 

Aerosol Detector 

Rad. Counters (particle) 

E. M. Rad. Counters 

Radar Alt. 

Rate Gyro 

Tracking Beacon (R.F.) 

Spherics Detector 

Magnetometer 

WT. ( l b s )  

50 

5 0  

30 

50 

1 

1 

1 

3 

4 

3 

8 

8 

2 

10 

4 

5 
2 3 0  
- 
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8 . 2 . 2  Power and  Communication 

The  communica t ions  subsys tem o f  t h e  BVD c o n s i s t s  o f  an  
o m n i - d i r e c t i o n a l  a n t e n n a  and a 2 0  w S -band  t r a n s m i t t e r ,  w i t h  a 

6 t r a n s m i s s i o n  c a p a c i t y  o f  1 0  b p s  t o  t h e  f l y b y  v e h i c l e  and 
1 0  b p s  t o  t h e  o r b i t e r .  I t s  weight  i s  es t imated a t  6 0  l b s .  4 

Power i s  s u p p l i e d  by  a n  RTG s y s t e m  s imilar  i n  c o n c e p t  
t o  t h e  SNAP-27 f o r  ALSEP e x p e r i m e n t s .  The a v e r a g e  p r i m e  power 
r e q u i r e d  i s  a p p r o x i m a t e l y  350 watts. B a t t e r i e s  a re  used  d u r i n g  
s h o r t  t e r m  f l y b y  e x p e r i m e n t s  o p e r a t i o n  t o  match h i g h  b i t  r a t e  
power r e q u i r e m e n t s .  

8.3 E n t r y  and  Deployment 

Gross s y s t e m  we igh t  a t  e n t r y  i s  a p p r o x i m a t e l y  3 , 1 0 0  l b s .  
E n t r y  i s  a c h i e v e d  by a 33' cone o f  a p p r o x i m a t e l y  1 2  f t  d iameter  
w i t h  a b a l l i s t i c  parameter o f  about  .6 s l u g s / f t  as  shown i n  
F i g u r e  7 .  A s t a b i l i z a t i o n  and e x t r a c t i o n  c h u t e  i s  d e p l o y e d  t o  
p r o v i d e  t r a n s o n i c  s t a b i l i z a t i o n ,  and a p o s i t i v e  e x t r a c t i o n  f o r c e  
t o  a s s i s t  i n  deployment  o f  t h e  b a l l o o n  f l o a t e r  upon r e a c h i n g  t h e  
t e r m i n a l  regime. B a l l o o n  t e c h n o l o g y  and  a i r  deployment  a r e  t h e  
c r i t i c a l  a s p e c t s  i n  t h e  s u c c e s s  o f  p r o b e  pe r fo rmance  and a r e ,  
t h e r e f o r e ,  d i s c u s s e d  i n  d e t a i l  below: 

2 

The b i o - l a b  and a s s o c i a t e d  p a y l o a d  a re  t o  b e  c a r r i e d  
by a 82 f t  diameter  f l o a t e r .  Based on d e m o n s t r a t e d  p e r f o r m a n c e  
of  small a i r  d e p l o y e d  b a l l o o n  sys t ems  ( 1 0 - 3 0  f t )  t h e r e  i s  l i t t l e  
d o u b t  a b o u t  t h e  f e a s i b i l i t y  o f  d e v e l o p i n g  mechanisms f o r  a i r  
dep loymen t  o f  b a l l o o n s  o f  t h e  s i z e  c o n s i d e r e d  he re .  A s  o f  now, 
however ,  l i t t l e  da t a  e x i s t s  c o n c e r n i n g  aerodynamic  l o a d s ,  s k i n  
s t resses  and w h i p l a s h  e f f e c t s  e x p e r i e n c e d  b y  b a l l o o n s  d e p l o y e d  
i n  t h i s  f a s h i o n .  Ru le  o f  thumb d i c t a t e s  a maximum f r e e  stream 
dynamic p r e s s u r e  ( c )  o f  1 p s f  f o r  M y l a r  f i l m  b a l l o o n s ,  which 
r e q u i r e s  an e x t r e m e l y  l a r g e  deployment c h u t e  f o r  t h e  l a r g e r  BVD 

p a y l o a d .  "j20 
b a l l o o n s  h a v e  b e e n  d e p l o y e d  a t  q ' s  o f  up  t o  25 t o  30 p s f ,  and  
n y l o n  P a r a g l i d e r  c o n f i g u r a t i o n s  have been  d e p l o y e d  a t  h i g h e r  

dynamic p r e s s u r e s .  T h i s  i s  n o t  a c h i e v a b l e  w i t h  t h e  M y l a r  s y s t e m ,  
however ,  s i n c e  t h e  heavy l a m i n a t e  M y l a r  d o e s  n o t  have  s a t i s -  
f a c t o r y  f o l d i n g  q u a l i t i e s  f o r  packag ing ,  and i s  also found  t o  
p o s s e s s  " s e l f - d e s t r u c t i v e "  c h a r a c t e r i s t i c s  d u r i n g  dep loymen t .  
Based on t h e  o v e r - r i d i n g  r e q u i r e m e n t s  of a c h i e v i n g  r e l i a b l e  
and  uncomplex d e p l o y m e n t ,  t h e  n y l o n  b a l l o o n  i s  s e l e c t e d ,  
a l t h o u g h  as much as a 500 l b  weight  p e n a l t y  r e s u l t s .  High 
s t r e n g t h  f i b e r s  s u c h  as PBI a r e  n o t  y e t  o p e r a t i o n a l ,  and  a t  
any  r a t e  do  n o t  appear t o  have  any pe r fo rmance  

R e l a t i v e l y  heavy,  bu t  e x t r e m e l y  rugged  n y l o n  weave 
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a d v a n t a g e  i n  t h e  t e m p e r a t u r e  reg imes  c o n s i d e r e d .  Dynamic 
p r e s s u r e  a t  i n i t i a l  deployment  i s  l i m i t e d  t o  25  p s f  which  
s h o u l d  be  w e l l  w i t h i n  t h e  c a p a b i l i t y  of  t h e  m a t e r i a l  s e l e c t e d  
a n d  would e l i m i n a t e  t h e  need f o r  any p a r a c h u t e  e x c e p t  f o r  t h e  
s t a b i l i z a t i o n  and  e x t r a c t i o n  c h u t e .  

The deployment  sequence  i s  i n i t i a t e d  a t  an  a l t i t u d e  o f  
a b o u t  1 4 0 , 0 0 0  f t .  

s u b s o n i c )  i s  d e p l o y e d  when a 3 g s i g n a l  i s  s e n s e d  on-board ,  
e n s u i n g  c h u t e  deployment  a t  Mach No. M < 1 . 5 .  The i n f l a t i o n  t i m e  
r e q u i r e d  f o r  t h e  b a l l o o n  i s  a b o u t  s e v e n - m i n u t e s .  C o r r e s p o n d i n g l y ,  
t h e  t i m e  r e q u i r e d  f o r  d e s c e n t  t o  t h e  8 0 , 0 0 0  f t .  a l t i t u d e  
( n e g l e c t i n g  b a l l o o n  d r a g ) ,  i s  on t h e  o r d e r  of n i n e  m i n u t e s ,  t h u s  
e n s u r i n g  f u l l  deployment  b e f o r e  t h e  h i g h  t e m p e r a t u r e s  a r e  r e a c h e d .  

A 20  f t .  d i a m e t e r  p i l o t  c h u t e  ( C D A  = 2 5 0 ,  

The deployment  mode i s  i l l u s t r a t e d  i n  F i g u r e  8 .  Here 
t h e  p a r a c h u t e  p r o v i d e s  t r a n s o n i c  s t a b i l i t y  and  s l o w s  t h e  s h e l l  
t o  a t e r m i n a l  q 2 1 2  p s f .  The b a l l o o n  i s  d e p l o y e d  by a t t a c h -  
ment t o  a h i g h  s t r e n g t h  b a l l o o n  cap upon a 1 g s i g n a l  ( i n d i c a t i n g  
t h e  n e a r  t e r m i n a l  c o n d i t i o n s ) .  Rip t i e s  a r e  employed t o  p r e -  
v e n t  dynamic s n a t c h  l o a d i n g s  as t h e  b a l l o o n  i s  e x t r a c t e d  unde r  
t h e  c o n s t a n t  c h u t e  f o r c e .  The c h u t e  p e r f o r m s  t h e  a d d i t i o n a l  
f u n c t i o n  o f  i n h i b i t i n g  f l a g g i n g  a c t i o n  t h a t  c o u l d  t e n d  t o  t e a r  
up t h e  b a l l o o n .  The e n t r y  cone i s  s e p a r a t e d  a t  a dynamic p r e s s u r e  
u n d e r  5 p s f .  Upon i n f l a t i o n ,  t h e  p a y l o a d  n e s t s  c l o s e  t o  t h e  
b a l l o o n  t o  min imize  dynamic s n a t c h  l o a d s  d u r i n g  t h e  o p e r a t i o n a l  
l i f e t i m e  due t o  a t m o s p h e r i c  i n s t a b i l i t y .  

8 . 4  B a l l o o n  Sys tems  

- To a c h i e v e  s a t i s f a c t o r y  r e l i a b i l i t y  and t o  a l l o w  h i g h  
q dep loymen t  t h e  b a l l o o n  i s  f a b r i c a t e d  o f  heavy d u t y  n y l o n  f a b r i c  
which  i s  bonded t o  Mylar  f i l m  f i l l e r .  The p r o p e r t i e s  and p e r f o r m -  
a n c e  o f  t h i s  mater ia l  l i s t e d  below: 

- 2 l a y e r s  t y p e  GT-21 gauge Mylar  

- 1 l a y e r  4 .0  o z / y d 2 ,  22 x 22 c o u n t  n y l o n  i n  a p l a i n  
weave 

- GT 2 0 1  Sch je l -Bond ,  p o l y e s t e r  based, t h e r m o s t a t  

Weight .004 l b s / f t 2  

a d h e s i v e .  

S e r v i c e  T e m p e r a t u r e  -75 t o  +230°F 

I n t e r m i t t e n t  T e m p e r a t u r e  -100 to +350°F 

P e r m e a b i l i t y  t o  H2 

T e n s i l e  S t r e n g t h ,  U l t i m a t e  200 l b s / i n .  
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The material has a service temperature limit of 230'F 
and an intermittent, o r  sporadic, limit of 350'F. During 
balloon inflation the system, therefore, must not sink lower 
than 80,000 ft. (minimum atmosphere model) which is governing 
deployment consideration. 

The fairly extensive temperate bank (between 0 t o  
100OF) believed to exist between the surface and the cloud tops 
is predicted at altitudes of l3O,OOO, l7O,OOO and 200,OO feet, 

The minimum atmosphere is critical for payload design require- 
ments and, consequently, is used for probe sizing and weight 
estimation. It may be noted that any buoyancy variations due 
to the increased density of the mean and maximum atmospheres 
can be accommodated in the present design by partial flooding 

for the minimum, mean, and maximum atmospheres, respectively. 9 

of the balloon cavity. 

The balloon is 
balloon operating with a 
millibars. This type of 
and maintains a constant 
cycle experienced by the 

to be an H2 inflated super pressure 
slight over-pressure of about 1 to 10 
balloon is sealed from the atmosphere 
buoyancy regardless of the thermal 
balloon during operations. Super - -  

pressure balloons are long duration systems , some small-meteoro- 
logical balloons having been in operation (floating for over 
six months. 21 

Experience has shown that, for long life systems 
operating at low temperatures, permeability has not been a 
sever problem. For the specific material selected here, the 
permeability is .0014 ft3/ft;i/day/atm @ 75'F. 
doubles at approximately 125OF and is halved at 40°F. 

The permeability 
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( O p e r a t i o n s  w i l l  be p r i n c i p a l  

30 - 

y between 0 to 1 0 0 ° F  so  t h a t  t h e  
nomina l  i s  a good v a l u e  f o r  e s t i m a t i n g  r e s u p p l y  r e a u i r e m e n t s .  ) 
For a n  82 f t  b a l l o o n  t h e  i n f l a t o r  l o s s  i s  c o n s i d e r a b l y  l e s s  
t h a n  1 l b / d a y .  
to e n s u r e  1 to 6 mon';hs l i f e t i m e .  

Approximate ly  1 0 0  l b s  o f  H2  r e s u p p l y  i s  p r o v i d e d  

A p r i n c i p a l  l i m i t  to t h e  d u r a t i o n  o f  p r e s e n t  s y s t e m s  
i s  b a l l o o n  i c i n g  a t  h i g h  a l t i t u d e s  c a u s i n g  s e v e r e  loww o f  
a l t i t u d e  and  p o s s i b l y  d e s t r u c t i o n .  I c i n g  or hydroca rbon  
c o a t i n g  c o u l d  p e r h a p s  b e  e l i m i n a t e d  on t h e  BVD b y  c y c l i n g  t o  
l o w e r ,  h o t t e r  a l t i t u d e s ,  and  by d r o p p i n g  b a l l a s t .  

C y c l i n g  to l ower  a l t i t u d e s  o f  t h e  t e m p e r a t e  r e g i o n  
i s  a c c o m p l i s h e d  b y  f l o o d i n g  t h e  b a l l o o n  c a v i t y .  At a l t i t u d e s  
be tween  1 2 5 , 0 0 0  and  1 5 0 , 0 0 0  f t  t h e  buoyancy g r a d i e n t  f o r  a n  
8 2  f t  b a l l o o n  i s  a p p r o x i m a t e l y  1 l b / 1 , 0 0 0  f t .  T h e r e f o r e ,  c y c l i n q  
by a l t e r n a t e l y  d r o p p i n g  b a l l a s t  and a tmosphe re  f l o o d i n g  s h o u l d  
n o t  b e  too e x p e n s i v e .  N e u t r a l  buoyancy i s ,  o f  c o u r s e ,  e x t r e m e l y  
s e n s i t i v e  t o  we igh t  v a r i a t i o n  s o  a c l o s e d  l o o p  t h e r m o s t a t /  
a l t i m e t e r  c o n t r o l  s y s t e m  i s  r e q u i r e d  to m a i n t a i n  o p e r a t i o n  i n  
t h e  d e s i r e d  r e g i o n .  Most p r o b a b l y  s t e a d y  c y c l i n g  a b o u t  a 
s e l e c t e d  a l t i t u d e  w i l l  r e s u l t  w i t h  p e r t u r b i n g  a m p l i t u d e s  o f  
a t  l e a s t  s e v e r a l  t h o u s a n d  f e e t  e x p e r i e n c e d .  

8 . 5  I n f l a t i o n  Sys tem 

The i n i t i a l  i n f l a t i o n  sys t em i s  a Hydrogen/Oxygen 
Demand P r e s s u r i z a t i o n  Cyc le  C a t a l y t i c  i g n i t i o n  s y s t e m .  E s t i m a t e d  

t o t a l  s y s t e m  we igh t  i s  2 . 5 5  l b / l b  o f  i n f l a t o r .  2 2  
s y s t e m  i s  i n  t h e  e n t r y  cone and  d i s c a r d e d  w i t h  t h e  s h e l l .  

The  s t o r a g e  

The r e s u p p l y  i s  p r o v i d e d  by a hydrogen  c o n v e c t i v e  
c o o l e d  h e a t e r  sys t em,  similar t o  t h e  c r y o g e n i c  s y s t e m  on t h e  
l u n a r  LM v e h i c l e ,  s i z e d  t o  u s e  waste h e a t  o f  t h e  RTG.  E s t i m a t e d  
s y s t e m  w e i g h t  i s  2 . 0  l b s / l b  o f  i n f l a t o r 2 2  which c a n  be  r e a d i l y  
accommodated i n  t h e  p r e s e n t  d e s i g n .  



BELLCOMM. I N C .  - 31 - 

8.6 Weights Summary 

The BVD weights summary based on the preceeding sys- 
tem design is given below: 

Entry 
Entry SysLems 
Initial Inflator 

Total Deployed 
St orage 

3100 
1100 

200 
$1800 

Subsystems Weight Summary 

Balloon (82') 760 
Initial Inflator 130 
Resupply Inflator 100 
Resupply Storage 100 
Power (RTG and 
Batteries-- 
500 Watts) 300 

Structures and Chute 120 
Communications 60 
Science 230 

9.0 NEAR SURFACE FLOATEX 

Introduction 

The Near Surface Floater (NSF) is designed to operate 
between 5,000 to 10,000 ft. above the Venusian surface and to 
descend to altitudes as low as several hundred feet if atmospheric 
conditions permit. The purpose of the probe is the exploration 
of the planet's lower atmosphere and, conditions permitting, 
aerial surface reconnaissance, aerosol and surface sample acquisi- 
tion, and subsequent on-board analysis. Conceptually, the probe 
is a derivative of the deep submergence spheres used in the 
scientific exploration of the seas. Rather than contending 
with extremely nigh pressures, as do the sea explorers, severe 
temperature is the principal design constraint for the NSF. 

9.1 Density/Temperature Tradeoff 

allows weight penalties imposed by subsystems necessary for 
operation in this environment to be accommodated in payloads 
deployed by relatively small, lightweight floaters. To appre- 
ciate this deployment capability, Figure 9 illustrates the dis- 
placed weight versus balloon diameter for the estimated surface 
density given by the "minimum" atmosphere model. Atmosphere 
density here is 23 lbs/100 ft3 (the "mean" and "maximum" 

The high density of the Venusian surface atmosphere 
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atmosphere densities by comparison are 35 lbs/100 ft3 and 1 2 0  lbs/ 
100 ft’, respectively). 
30 ft. balloon, for example, displaces 3,100 lbs. (vs. 740 lbs. 
on earth). By comparison, the same balloon displaces 105 pounds 
in the temperate region at 140,000 feet, a factor of 30 differ- 
ence. Compared to floaters operating at higher altitudes, a 
rather substantial contingency may be allocated for environmental 
control, and yet meet reasonable weight, packaging, and deploy- 
ment constraints to ensure successful near surface operations. 

In the minimum density atmosphere, a 

9.2 Brief NSF Design Description 

Before entering more detailed discussions, the unique 
aspects of the probe design--all essentially governed by opera- 
tion in the high temperature environment--are briefly high- 
lighted to give some basic insight into the type of system con- 
sidered here. 

Design of a balloon to deploy and perform reliably in 
the near surface environment requires an impermeable, high 
strength fabric capable of withstanding temperatures to l,OOO°F 
for a duration of several months. As discussed in detail in a 
previous section, a fabric composed of super-alloy steel fiber 
weave, impregnated with silicon polymer filler, satisfies all of 
these requirements and appears to be quite capable of operations 
in the Venusian surface environment. 

Another critical design area is thermal protection for 
payload subsystems. In the present design a double walled 
evacuated spherical pressure shell is employed to provide a pro- 
tective shroud for the payload and service systems. (Evacuation 
is necessary to reduce conduction losses to tolerable levels.) 
Furthermore, the interior is completely enclosed in an H2 vapor 
shield which provides active temperature control. Penetrations 
(i.e., bosses, leads, sensors, etc.) are conduction cooled by 
multiple coils, which are chilled by vapor shield bleed off. 
A liquid hydrogen reservoir supplies the coolant which, upon 
passage from the coils is vented into the balloon cavity to 
serve as inflator makeup. (The LH2 pressurization system is 
based on the supercritical He system used in the LM with sub- 
critical H2 substituted as the working fluid.) The specific 
weight of the storage system is conservatively estimated to be 
2 lbs/lb LH2 so that the cooling system can be provided well 
within a reasonable weight allotment. 
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The NSF has a 3,400 1,. gross weight at entry and 
weighs approximately 2,140 lb. deployed. The probe is deliv- 
ered during the 1978 dual planet flyby to a site and altitude 
whose selection is predicated on data obtained from aerodrag 
and meteorological probes operating during the first encounter 
of the 1977 triple planet flyby. The probe arrives at least 
two hours prior to periapsis and upon deployment transmits data 
t o  the spacecraft at high bit rates. Thereafter, operations are 
coupled to a relay orbiter for communications t o  earth. The 
orbiter is injected into a highly elliptic orbit to minimize 
injection propulsion weight and to ensure long term tracking 
capability. Precursory knowledge of the long term drift pat- 
terns enables selection of the optimum orbiter longitude and 
inclination for maintaining communications for a minimum of 
several weeks. Experiments data are stored and transmitted 
on command from the orbiter as the orbiter passes overhead. 

The NSF is fully deployed at an altitude of approx- 
imately 20,000 ft. and gradually descends to an altitude of 
5,000 to 10,000 ft. After performing selected experiments in 
this region the probe begins a slow descent to the surface. 
A RADVS and accelerometers sense the probes relative ground 
speed and the severity of atmosphere turbulence. Should con- 
ditions that are prohibitive to near surface operations be 
sensed during descent the probe ascends to a safe altitude 
and commences long term, high altitude reconnaissance and 
aerosol sample analysis. If conditions are found to be favor- 
able in the regime of approximately 1,000 to 2,000 ft. the 
probe is anchored at a selected site and commences high reso- 
lution reconnaissance. The probe is next lowered by a winch 
to several hundred feet. If this mode is achieved, a multi- 
spectral, high resolution ground survey is undertaken and a 
sample acquired via a "clam shell" or "sticky string" device 
which is lowered to the surface. Temperature hardened experi- 
ments (i.e., seismometer, magnetometer, weather station) 
designed for short term operations are also emplaced at the 
sample site. 

Upon completion of surface operations the anchor 
system is discarded and the probe drifts at an altitude 
at which circulation ensures extensive range coverage. 

9.4 Experiments 

In its initial deployment mode at an altitude between 
5,000 to 10,000 ft. the NSF is t o  accomplish several objectives. 
First, it is to serve as an "active" meteorological device to 
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measure drift range and range rate, and to acquire data on shock 
spectra and storm effects. Secondly, it is to provide very pre- 
cise atmospheric temperature, pressure, density, and composition 
data. In addition, the extent and nature of near surface atmo- 
sphere contaminants (i.e., dust and volcanic ash), and the de- 
sign constraints imrosed by such contaminants (i.e., depositing 
film on windows) are to be determined. The altitude, extent, 
opacity, and distribution of surface cloud layers, if they exist, 
are also to be studied. 

Should the surface atmosphere be found calm and placid, 
as many theories now conjecture (and as may be verified by pre- 
cursory meteorological probe data), the floater descends and com- 
mences surface operations. In this mode the more intriguing ex- 
periments include: 

1. Surface sample acquisition at several selected sites 
via a "clam shell" device, and subsequent on-board analysis, 

2. Multi-spectral surface photography by low intensity 
TV (Artificial illumination may be provided by bea- 
cons and flares), 

3. Sensors deployed directly to selected regions on the 
surface (i.e., mountains, liquidous regions). 

Operating near the surface or in the 5,000 - 10,000 ft. region, 
additicnrl experiments include: 

1. Aerosol filtration, 

2. Surface field intensity measurements (i.e., 
radioactivity), 

3. Stereo photography (visible, infrared), 

4. Coarse mapping of the spatial distribution of 
surface, and sub-surface constituants. 

Suitable instruments f o r  the various experiments were 
selected with t h e  assistance of R. N. Kostoff an6 their principal 
functions ape Liescribed below: 
A. Aerosol and Surface Sample Analysis: 

Pyrolysis Gas Chromatograph - Vaporizes the sample 
and analyzes the gas 
components. 

X-Ray Spectrometer - Emits an electron beam which 
interacts with the sample and 
measures the resulting X- 
radiation energies. 
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Gamma-Ray Spectrometer - Measures the photon emission 
of naturally occurring sample 
radioisotopes and relates the 
photon energies to emitting 
at oms. 

TV Microscope - Observes the sample prior to analysis. 
B, Environmental: 

RADVS - Measures the probes altitude relative to sur- 
face as required f o r  guidance, and yields wind 
current data. 

TV Camera - Scans the surface of the planet and observes 
the sample environment. (The camera views 
the environment through quartz windows in 
the pressure shell.) 

I . R .  Radiometer - Measures the average surface tempera- 
ture distribution. 

Spherics Detector - Detects electrical storms. 
Magnetometer - Measures the local magnetic field. 

Disdrometer - Measures particle sizes from . 3  to 
10 1.1 dia. 

Photometer (6) - Measures light intensity distribution. 

Thermodynamic Probes - Measures pressure, temperature 
and density. 

Microphones - Measure environmental sonic disturbances. 
Flares and Floodlights - Provide lighting for low in- 

tensity TV surface photography. 

C, Emplaced Environment Experiments 

Seismometer - Measures ground response to internal 
disturbances 

Weather Station - Monitors sample environment 
The estimated weight and power requirements are sum- 

marized below: 

Experiment Weight (lbs) Power (watts) 

Pyrolysis Gas Chromatograph 14 
X-Ray Spectrometer 20 

70 
20 
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Gamma-Ray S p e c t r o m e t e r  
TV Mic roscope  
RADVUS 
TV Camera 
I . R .  Rad iomete r  
S p h e r i c s  D e t e c t o r  
Magnetometer  
D i sd romet  e r  
P h o t o m e t e r s  ( 6 )  
Thermodynamics 
Microphones  
F l a r e s  and F l o o d l i g h t s  
Se i smomete r  
Weather  S t a t i o n  

1 3  
10 
35 
10 

5 
4 
4 
4 
4 
6 
3 
10 
7 
40 

1 8 9  
- 

2 
100 
40 
100 

3 
2 
5 
3 
2 
4 
4 

1 
10 

100 ( a v e r a g e )  

- 

366  

9 . 5  Anchor Sys tem 

To e s t a b l i s h  r e s i d e n c e  i n  t h e  v i c i n i t y  o f  a s e l e c t e d  
s i t e ,  an a n c h o r  ( i . e . ,  g r a p p l i n g  hook or w e i g h t ) ,  suspended  f rom 
a c a b l e  o f  a p p r o x i m a t e l y  2 , 0 0 0  f t  l e n g t h ,  i s  lowered  to t h e  s u r -  
f a c e .  ( B y  compar i son  1 7 , 0 0 0  f t  t e t h e r s  have  been  u s e d  f o r  ex- 
p e r i m e n t a l  b a l l o o n  p l a t f o r m s  i n  t h e  e a r t h ' s  a t m o s p h e r e  and 6 0 , 0 0 0  
t e t h e r s  a r e  p r e s e n t l y  u n d e r  c o n s i d e r a t i o n . )  The c a b l e  i s  1 / 8  i n  
h i g h  s t r e n g t h  s t e e l  w e i g h i n g  .05 l b s / f t  o r  a t o t a l  o f  1 0 0  l b s .  
Assuming a minimum v e r t i c a l  ( i . e . ,  b u o y a n t )  f o r c e  o f  1 0 0  l b s  and  
a b a l l o o n  C D  o f  . 2 5 ,  t h e  2 , 0 0 0  f t  c a b l e  a l l o w s  t h e  b a l l o o n  to 
f l o a t  a t  a l t i t u d e s  o f  a p p r o x i m a t e l y  8 0 0  f t  i n  a 1 0  MPH wind and 
2 0 0  f t  i n  a 3 0  MPH wind.  The c a b l e ,  gove rned  b y  minimum g a g e  
c o n s i d e r a t i o n s ,  c a n  a s  d e s i g n e d  t o  w i t h s t a n d  a maximum wind g u s t  
o f  50  MPH. It may be  n o t e d  t h a t  as  t h e  b a l l o o n  d e s c e n d s  i n  s t e e p  
c r o s s  w i n d s ,  t h e  e q u i l i b r i u m  e l e v a t i o n  a p p r o a c h e s  g round  l e v e l  
a s y m p t o t i c a l l y  t e n d i n g  to r e d u c e  t h e  change  o f  s u r f a c e  c o n t a c t .  
( I n  t h e  c a s e  of d o w n d r a f t s  t h e  c a b l e  comes i n  c o n t a c t  w i t h  t h e  
s u r f a c e ,  r e d u c i n g  t h e  buoyant  w e i g h t ,  and c a u s e s  t h e  b a l l o o n  to 
r i s e  a g a i n . )  I n  t h e  a b s e n c e  o f  d o w n d r a f t s  t h e  p r o b e  s h o u l d  b e  
a b l e  to d e s c e n t  on  t h e  c a b l e  to % 1 0 0  f t  e l e v a t i o n  i f  a s e c u r e  
c o n n e c t i o n  i s  a c h i e v e d .  

O p e r a t i n g  i n  the anchored  mode a c lam s h e l l  or s t i c k y  
s t r i n g  d e v i c e  i s  lowered  when low r e l a t i v e  ground s p e e d  ( i . e . ,  
l e s s  t h a n  2 MPH) i s  s e n s e d .  T h i s  c a b l e  i s  a p p r o x i m a t e l y  1 , 0 0 0  f t  
i n  l e n g t h  and  we ighs  2 0  l b s  (.02 l b s / f t ) .  A l lowing  a n  a d d i t i o n a l  
1 0  l b s  f o r  a m e c h a n i c a l  winch ,  and 2 0  l b s  f c r  t h e  c lam s h e l l  
r e c o v e r y  s y s t e m  we ighs  50  l b s .  Upon a c q u i s i t i o n  o f  a s a m p l e ,  
t h e  r e c o v e r y  s y s t e m  i s  drawn i n t o  a n  a i r  l o c k  f o r  v i e w i n g  by 
TV u n d e r  e n v i r o n m e n t a l  c o n d i t i o n s .  The sample  i s  t h e n  c h i l l e d  
to room t e m p e r a t u r e  f o r  a n a l y s i s .  
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9.6 Probe Descrintion 

The probe configuration is shown in Figure 10. The 
payload is protected by a double layer evacuated pressure shell 
which is suspended from a 30 ft. diameter woven steel balloon. 
The outer shell is 6 ft. in diameter and fabricated of semi- 
monocoque beryllium skin. Cooling is provided by a liquid H2 
reservoir22 which is bled into a vapor shield completely surround- 
ing the payload. From the vapor shield the coolant is vented 
through coils surrounding bosses, separators, wire leads and 
other penetrations through the shell, and ultimately to the bal- 
loon cavity for inflation resupply, Inside the shell convective 
cooling is provided to keep a uniform and essentially constant 
temperature. 
critical He system as used in the LM with sub-critical H 2  substi- 
tuted as the working fluid. The system is conservatively esti- 
mated to have a specific weight of 2 lb/lb LH2 including coolant, 
conservative cryogenic material tankage, insulation, electrical 
fittings, fill and vents, and associated plumbing. Estimates 
indicate that a minimum of several weeks duration, desired for 
adequate range coverage, is achievable with 80 lbs. of LH2 re- 
frigerant. 
vented into the balloon cavity f o r  makeup gas. If necessary, 
a portion of the H 2  vapor is bled directly from the reservoir 
to cool instrument subsystems by convection cooling (at the 
expense of probe duration). 

The LH2 pressurization system is based on the super- 

After cooling payload subsystems the H2 vapor is 

9.6.1 Power and Communication 

directional antenna and a 20 w S-band transmitter, with a trans- 
mission capacity of Q lo6 bps to the flyby vehicle and 10 
to the orbiter. Its weight is estimated at 60 lbs. 

The comminications subsystem consists of an omni- 

4 
bps 

Approximately 350 watts are required for experiments 
and 250 watts for prime power or a total of .6 kw. Power is 
obtained from an RTG which is mounted outside the pressure shell 
with input leads cooled before entering the instrument compart- 
ment. RTG systems operating at 1,200°F with 2 1/2% efficiency 
are presently under development. The RTG sink temperature could 
be as low as 7OO0F if the probe is deployed at the poles or near 
the lightside terminator, since temperatures in these regions are 
presumably not as severe as in other sunlit areas. 
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9 . 6 . 2  B a l l o o n  Svstem 
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The b a l l o o n  i s  a n  i n f l a t e d  s u p e r - p r e s s u r e  b a l  2 toon 

f a b r i c a t e d  o f  s u p e r - a l l o y  s t e e l  f i b e r  weave i m p r e g a n t e d  w i t h  
s i l i c o n  polymer  f i l l e r  which as c i t e d  e a r l i e r ,  i s  o p e r a t i o n a l  
to t e m p e r a t u r e s  be tween 1 , 0 0 0  t o  1 ,200"F .  Below l,OOO°F t h i s  
mater ia l  has a v e r y  low p e r m e a b i l i t y  to hydrogen  s o  l o n g  l i f e  
o p e r a t i o n  c a n  be  a s s u r e d .  F o r  a s t a n d a r d  5 to 8 m i l  mater ia l  
t h e  w e i g h t  i s  a p p r o x i m a t e l y  . 2 1  l b s / f t 2  and t h e  mater ia l  has a 
s t r e n g t h  o f  200  l b s / f t .  The s u p e r - a l l o y  weave i s  r e a d i l y  f o l d e d  
and  has t h e  h a n d l i n g  q u a l i t i e s  o f  c l o t h  f a b r i c .  

The p a y l o a d  i s  s u p p o r t e d  by  a membrane t r a n s i t i o n  cone  
of s imi la r  ma te r i a l  p r o v i d i n g  a snug  h o l d  be tween  p a y l o a d  and  
b a l l o o n  t o  c o n s t r a i n  r e l a t i v e  mot ion .  The i n i t i a l  i n f l a t i o n  
s y s t e m  i s  a Hydrogen/Oxygen Demand P r e s s u r i z a t i o n  C y c l e - C a t a l y t i c  
i g n i t i o n  s y s t e m .  Es t ima ted  sys t em weight  i s  2 .55  l b / l b  o f  
i n f l a t o r .  The i n i t i a l  i n f l a t o r  s t o r a g e  s y s t e m  i s  d i s c a r d e d  
s h o r t l y  a f t e r  i n f l a t i o n  when t h e  e n t r y  s h e l l  i s  j e t t i s o n e d .  

9 . 6 . 3  A l t t t u d e  S t a b i l i z a t i o n  

The buoyancy g r a d i e n t  f o r  t h e  30 '  b a l l o o n  i s  a p p r o x i -  
m a t e l y  4 0  l b s / 1 , 0 0 0  f t .  i n  t h e  n e a r  s u r f a c e  r e g i m e  s o  t h a t  sa t i s -  
f a c t o r y  a l t i t u d e  s t a b i l i z a t i o n  s h o u l d  be  a c h i e v a b l e ,  i . e . ,  
- + 4 0  l b s  i n  gross w e i g h t  would change t h e  f l o a t a t i o n  a l t i t u d e  
b y  +lo00 f e e t .  I n i t i a l  f l o a t a t i o n  a l t i t u d e  i s  t o  b e  a t  1 0 , 0 0 0  f t .  
C o n t r o l l e d  f l o o d i n g  o f  t h e  b a l l o o n  c a v i t y  w i t h  a t m o s p h e r e  would 
a s s u r e  s l o w  and  c o n t r o l l e d  d e s c e n t  to p e r h a p s  w i t h i n  1 , 0 0 0  f t .  
( w i t h o u t  a n c h o r i n g )  i f  t h e  n e a r  s u r f a c e  c o n d i t i o n s  a r e  f o u n d  t o  
b e  q u i e s c e n t .  Ranging  d e v i c e s  and a l t i m e t e r s  a r e  to c o n s t a n t l y  
m o n i t o r  t h e  s u r f a c e  t o  e n s u r e  a d e q u a t e  t i m e  t o  a v o i d  o b s t r u c t i o n s .  
I n  t h e  sample a c q u i s i t i o n  mode, v e r n i e r  a l t i t u d e  s t a b i l i z a t i o n  i s  
p r o v i d e d  by i n f l a t i o n / d e f l a t i o n  o f  a small b a l l o o n  i n  t h e  main 
b a l l o o n  cone  c a v i t y ( u s e d  t o  p r e v e n t  e x c e s s i v e  i n f l a t o r / a t m o s p h e r e  
m i x i n g ) .  The b a l l o o n  i s  a p p r o x i m a t e l y  7 f t .  i n  diameter and  p r o -  
v i d e s  a c o n t r o l l e d  buoyan t  f o r c e  o f  40 l b s .  ( i . e . ,  1 , 0 0 0  f t .  
a l t i t u d e )  v a r i a t i o n .  A s e r v o  c o n t r o l  s y s t e m  c o u p l e d  t o  a RADVS 
d e v i c e s  i n  t h i s  manner  c o n t r o l s  t h e  a l t i t u d e  to +300 f t  w i t h o u t  
t e t h e r i n g .  

- 

5 . 7  Deployment 

i n  F i g u r e  11. 

a n g l e  i s  on  t h e  o r d e r  o f  -13". A p i l o t  c h u t e  i s  d e p l o y e d  a t  a 
Mach No. 1 . 5 ~ M < 2 . 0  when 3 g ' s  a r e  s e n s e d  on -boa rd .  ( A  g e e  s i g n a l  
i s  a good i n d i c a t i o n  o f  deployment  Mach numbers  as p r e v i o u s l y  

The p r o b e  i s  s towed  i n  a 1 4  f t .  33" e n t r y  cone  as shown 
The b a l l i s t i c  p a r a m e t e r  M/CDA = 1 . 0  and  t h e  e n t r y  
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m e n t i o n e d )  The p i l o t  c h u t e  o f  a p p r o x i m a t e l y  2 0 ’  d i a m e t e r  
( C D A  = 250 f t  

v i d e s  s t a b i l i z a t i o n  t h r o u g h  t h e  t r a n s o n i c  r e g i m e ,  e x e r t s  a 
p o s i t i v e  e x t r a c t i o n  f o r c e  f o r  b a l l o o n  deployment  and r e t a r d s  
b a l l o o n  f l a g g i n g  d u r i n g  t h e  i n f l a t i o n  p e r i o d .  

2 - s u b s o n i c )  p e r f o r m s  s e v e r a l  r o l e s .  It p r o -  

I n i t i a l  b a l l o o n  e x t r a c t i o n  o c c u r s  a t  a dynamic p r e s -  
s u r e  j u s t  u n d e r  1 2  p s f .  
l o o n  p u l l - o u t  to r e d u c e  t h e  dynamic s n a t c h  l o a d s .  A t o t a l  o f  
a b o u t  7 m i n u t e s  are  r e q u i r e d  f o r  i n f l a t i o n  d u r i n g  t h e  d e s c e n t .  
A t  a dynamic p r e s s u r e  on t h e  o r d e r  o f  5 p s f  t h e  e n t r y  s h e l l  
( i n c l u d i n g  t h e  i n i t i a l  i n f l a t i o n  p a c k a g e ) ,  i s  r e l e a s e d  and  
f a l l s  away u n d e r  a small e j e c t i o n  f o r c e .  
t h e  b a l l o o n  r e s t r i c t s  any r e l a t i v e  m o t i o n  be tween t h e  p a y l o a d  
and  i t s e l f ,  m i n i m i z i n g  any dynamic s n a t c h  l o a d i n g s  d u r i n g  o p e r a -  
t i o n .  

Brake  t i e s  a re  employed d u r i n g  b a l -  

When f u l l y  i n f l a t e d ,  

9.8 W e i r h t  Summary 
The NSF w e i g h t  breakdown summary i s  g i v e n  be low:  

DEC 
1 0 1  3 -CLD-nmm 

MHS 

E n t r y  Weight 3400 
E n t r y  Sys tems 1100 

290  I n i t i a l  I n f l a t o r  S t o r a g e  
( D i s c a r d e d )  

I n i t i a l  I n f l a t o r  
B a l l o o n  Weight ( 3 0 ’ )  
I n f l a t o r  Resupply & C o o l a n t  
P r e s s u r e  S h e l l  
Power ( . 6  kw) 
Communi c a t  i o n s  
S t r u c t u r e  & I n s u l a t i o n  
Anchor & C l a m  S h e l l  
S c i e n c e  

230 
600 
170 
120 
4 0 0  
100 
150 
190 
200 

T o t a l  Deployed Weight 2 1 4 0  

D .  E .  C a s s i d y  
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VENUS PASSAGE DATE 
VENUS PASSAGE DISTANCE 680 KM 
ARRIVAL - DEPARTURE V, 

6 / 2  I /77 

6.7 KM/SEC 
VELOCITY AT PERlAPSlS I 1 .8  KM/SEC 

INCLINATION OF FLYBY PLANE TO 
VENUS EQUATOR I AL PLANE 80. ICo 

F I RST VENUS ENCOUNTER 

F IGURE IA - 1977 TRIPLE PLANET M I S S I O N  
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FIGURE I B  - 1977 TRIPLE PLANET MISSION 



VENUS PASSAGE DATE 5/  15/79 
VENUS PASSAGE DISTANCE 1170 KM 
ARRIVAL - DEPARTURE V, 10.5 KM/SEC 
VELOCITY AT P E R I A P S I S  14. I KM/SEC 

ENCOUNTER TRAJECTORY 

INCLI! IATION OF FLYBY PLAME TO 
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VENUS ENCOUNTER 

FIGURE IC. - 1978 DUAL PLANET M I S S I O N  



I '  
I 
I 
I 
I 

I 

I 

I 

I 

I 
i 
I 
1 

I 
I I IRE 2 - DESIRED SPATIAL D T UT I I OF METEOROLOGICAL DEVICES 



BERY LL I UM MESH 

WEAVE 
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